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The small quantity consumed in the United State s is indicated byimports. Prior to 1914 no strontium salts were produced on acommercial scale in the United State s , and domestic needs accordinglywere measured by imports of salts (almost wholly from Germany),amounting in the f i s cal year 1914 to 1,941,103 pounds valued at$103,362, of which 1,834,733 pounds valued at $95,490 were technicalnitrate and 26,921 pounds valued at $3,017 nitrate powder. Asdomestic manufacturers carry rather heavy stocks, imports of oref lu c tua t e considerably from year to year. From 1926 to 1929 thevalue of imports of strontium minerals was extraordinarily high; ananalysis of these f igures as reported, however, shows that a largepart of these abnormal receipts was credited to Germany and valuedat over $40 a ton compared with a current valuation of only $6 or 17per ton for the normal importations of celestite from England.Possibly this German material instead of being strontianite was apre c ip i ta t ed carbonate such as is recovered at sugar refineries. Inlater years imports of ore have come wholly from Great Britain andhave been well maintained, whereas those of strontium nitrate andother compounds,||almo8t exclusively from Germany, have dwind l ed .
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Celest i te has been quoted recently in Metal and Mineral Marketsat $35 per short ton for a 90-percent product, f i n e l y powdered, butthe average value of the English crude material as reported in t l t e•'mport s tat i s t ic s for 1933 and 1934 was about $7 a short ton f. o. b.3 r i s ! o ! , England, equivalent to about $10 a ton delivered at United'tat** A t l a n t i c seaboard. In 1915 the price of celestite. f. o. b.-'•: •! Dork, was 14s. 2d., or $3.45 per long ton. Before the World•t>r strontium nitrate was generally worth about 7.25 cents per,,oi:nd in the United State s compared with an average import valua-tion in 1914 of 5.2 cents per pound. Prices soared during the warperiod but subsequently receded to 8 cents in 1926. In 1934 theimport valuation was down to 5.8 cents, and the quotation f. o. b.domestic works, in barrels, was 8.75 cents. The technical carbonatehas been quoted recently at 7.25 cents and the peroxide at $1.25 apound. The price of strontium metal, formerly over $30 pcr^pound,has been reduced progressively until now it may bo obtained in largequantities on contract basis at less than $10 a pound.
V E E H I C U L I T E

The term "vermiculite" is applied to a group of f o l i a t e d minerals,generally alteration products of biotite, ph l ogop i t e , or other varietir*of mica, that expand extraordinarily on heating. The inc~"— *•*"
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volume may be as much as s i x t e e n f p l d , but it takes place in only onedirection as it is a process of ex fo l ia t ion at right angles to the cleavage.Water of cons t i tut ion is given off, and the color changes from greenishbrown or dirty bronze to a silvery or golden hue, depending upon thedegree of heat and exposure to the air.For almost a century a f t er it was named and described by Webb in1824 vermiculito was merely a mineral curiosity. The Japanese , itis said, used to amuse themselves by throwing pieces on hot coals tosee it ex fo l ia t e . The commercial implications of the peculiar behavior"of the material when heated were not developed vigorously untilthe organization of the Zonpl i t e Co. by E. N. Alley , who discovereda large deposit of vermiculite at Libby, Mont., in 1916 and begancommercial production on a small scale in 1921. The variety ofvermiculite known as " j e f f e r i s i t e " was found f i r s t at the Brintonquarry, West Chester, Pa., many years ago, but the output from thisoperation has been irregular and quite small. Vermiculite has alsobeen produced in Wyoming, Colorado, N o r t h Carolina, and one ormore other States. Occurrences of possible value but hitherto un-worked have boon reported to the Bureau of Mines as in Arizona,Cali fornia, and Georgia, and specimens of altered black mica exhibit-ing a small amount of expansion have been forwarded from otherState s . According to a report of the S t a t e geologist,*8 considerablecommercial material could probably be recovered from deposi t s thusfar discovered in Georgia by suitable washing, but the fu ture of thevermiculite industry o f t h a t S t a t e probably depends on the discoveryof depos i t s pure enough to be marketed without expensive treatmentbefore expansion.
Production f igure s are not available, but as early as 1929 the Zono-lite Co. was said to be producing and marketing over 1,000,000 poundsof material annually under its trade mark. Although occasionalcontributions have been made from other sources, the history of theindustry until about 1932 was essentially a record of the educationalsales e f f o r t of this one company. F. E. Schundler then became inter-ested in vermiculite and soon developed a screening process wherebythe weight of the material was reduced to 6 pounds or less per cubicf oo t . He also built a new expanding plant at J o l i e t , 111., to take advan-tage of lower freight rates obtainable on raw vermiculito than on thesemifinished product.

During 1934 control of the Zonoli te Co. was sold to W. B. Mayoand associates, of Detroit. The new owners announced a develop-ment program to include construction of a plant to refine "Zonolite"at the mine and a tram to move the refined product from the plantto the Great Northern tracks. The Zonolite Co. now ships morethan 3,000 tons of vermiculite a year. F. E. Schundler & Co., Inc.,which now operates p lan t s for treating vermiculito at Brooklyn,N. Y., as well as at J o l i e t , 111., and acts as dis tributor for product sof the Zonol i t e Co., is reported to have quadrupled its fa c i l i t i e s fortreatment of vermiculito and other nonmetallic minerals by construc-tion of a new plant in Long Island City, and is contemplating theuse of over 20,000 tons annually.
The National Vermiculito Products Corporation, Chicago, HI.,acquired the property and assets of the Vermiculito & Asbestos Co.,

• P r i n d l f l , L. M., Kyanl t e and Vermiculi te Deposit* of Georgia: Oeol. Burr, of Georgia Bull. 46.1026*P. 48.
4744-«——70
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Libby, Mont., during 1034 and undertook to enlarge the p lant at themine. The Bear Paw Mining Co. has done some development workon a depos i t south of Havre, Mont., and two or throe other vermic-ulite depos i t s in the S t a t e have been brought to the attention of theBureau of Mines. In Colorado several companies and individualshave boon active in the produc t ion of voriniculi tn. According tonow* report* vermioiilito was sh ipped f r om Froinont County, Colo.,by the V o r m i o u l l t o Product s Co. and from WoHtclUfo by Zip Dolisle.Mrs. Winona S p a r l i n g of Rosita, Colo., is also reported to haveshipped a number of cars of voriniculito in recent years. All i edMinerals, Inc., of Canon City, Colo., controls d epo s i t s at Dead MuleGulch; H i l l s i d e , and F e l d s p a r , Colo., and has undertaken developmentwork1 and market research. Vermiculite has been produced in Wyo-ming, and some attention has been given to depo s i t s in Arizona, butat present commercial developments in the West appear to be con-centrated in Colorado and Montana. In the East, interest in vermic-ul i t e a p p a r e n t l y is centered in North Carolina. Many of the speci-mens submitted to the Bureau of Mines from that S t a t e have beensomewhat inferior to high-grade Montana material as regards degreeof expansion on heating, but suitable commercial depo s i t s have beenfound at a number of localities in North Carolina, and one producingcompany has announced its intention to build a plant for preparingvermiculite for market.Vermiculite is used p r i n c i p a l l y for heat, cold, or sound insulation,and for such purposes it f i r s t has to be expanded. A detailed discus-sion of the preparation and uses of the mineral, as developed by theZonolite Co., is included in a paper by Stee le r presented at theFebruary 1934 meeting of the American I n s t i t u t e of Mining andMetallurgical Engineers. Appl i ca t i on s for the product range fromthe insulation of dry-ice containers chilled to 60° below zero to pro-tection for the tops of open-hearth furnaces with s tanding tempera-tures higher than 2800° F. Vermiculite may be employed loose asa f i l l e r in the walls of houses; in bake ovens, water heaters, thermalj u g s , sa f e s , stoves, furnaces, or refrigerators as a thermal insulator;or in wall panels in motion-picture sound studios, where it is impor-tant to conf ine noises to a given area. It also serves as a l ightweightaggregate in insulating plas ters , cements, nailing concrete, and otherp la s t i c hydraulic materials where insulating and sound-deadeningproperties and low s p e c i f i c gravity are of value, or it may be preparedas an acoustical tile. The attractive golden color of heat-treatedvermiculite adap t s it to use for decorative purposes, such as in wallpaper and gold paint.Quotations for vermiculite have appeared in trade j ournal s onlysince the early part of 1033 and have been more or less nominal at$7 per ton, f. o. b. mines, N o r t h Carolina. In J u n e 1034 the price roseto $7.50 and remained at that f igure for the rest of the year. In1033 raw "Zonolito", predried and screened, sold for $15 per ton,f. o. b. Libby, Mont., in bulk, and expanded material was sold fromthe Schundler expanding plant at J o l i e t , 111., at $45 per ton. Thef r e igh t rate from Libby to J o l i e t was $8 a ton on crude material.
" Stee le , W l l l l m n 8.. Vermlou l l t o-Prodnc t l on and Marketing by the Zono l i t e Co.: Trails . Am. lav*.M l n . and Met. Kn«.. »ol. 109.1«34, pp. 41H20.
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Mining is generally recognized as a dangerous occupation. Itusually ranks as one of the most hazardous in which large numbers ofmen are employed.
Most mining operations are carried on underground, in confinedplaces, where adequate l ight ing is d i f f i c u l t to obtain. Frequent ly therock stratum under which the miner works requires much care toprevent its f a l l i n g . Explosives in large quantities and machinerymust be used, both under conditions more hazardous than on thesurface. Irrespirable or explosive gases are given off in some mines.These f a c t s and other conditions make the prevention of accidents inmining more d i f f i c u l t than in surface industrial work, even of the morehazardous types. Moreover, while errors in connection with accidentprevention in surface work are l ikely to a f f e c t only one or poss ibly afew persons, such errors in underground mining may readily cause anexplosion or other untoward occurrence that will result in the deathof scores or even hundreds of persons.The d i f f i c u l t i e s of preventing accidents in and around mines are wellknown. Most foreign countries and most S t a t e s in the United State shave regulations providing for the s a f e t y , and, to a smaller extent, thehealth of the workers. However, as far as the United S t a t e s is concernod, such regulations usual ly are a morn skeletonized outline ofsome fundamenta l minimum requirements; none of them is adequate,and most of them are grotesquely out of date as app l i ed to present-day conditions. _ There is urgent need for modernizing and e f f e c t i n ga closer correlation of the laws and regulations of the various miningSta t e s with regard to the s a f e t y and health of the workers. A l t h o u g hmining conditions d i f f e r in the various Stat e s , there are numerousstandard and f u n d a m e n t a l s a f e t y provisions that a p p l y to all kinds of
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furnaces in a continuous blanket about 3 f o o t wide and 4 inches t l i i c kwhich can be cut into mattresses or p i l l o w s of suitable l eng th furplacing between walls or wrapping around steam pipes. The cutpacks can also be crushed into p e l l e t s that can be conveyed into oldwalls by means of a blower and hose. Glass wool may be used to filll i f e preservers. It is used on ba t t l e sh ip s and made into ropes that artstrong and durable as well as w a t e r p r o o f ; moreover, a band of glasswool around a tree trunk a f f o r d s protect ion from crawling insects andcaterpillars. Glass-wool f i l t e r s used in air conditioning are cheaperand last longer than those made of metal. Spun-glas s wool may bewoven or knitted into garments, theater c u r t a i n ' s , and innumerablef i r e p r o o f fabrics. This thread is already used for insulating electricwires and cable. The f iber s of spun glass be fore being twisted intoyarn are so f i n e that 100 are needed to form a no. 50 thread. A singlepound of glass can be drawn into a strand 31 mi l l i on f e e t long and ofalmost unbelievable strength and great f l e x i b i l i t y .Glass silk or glass wool was f i r s t developed in Germany but waspioneered in America by the Owens-Illinois Glass Co. The CorningGlass Works likewise has carried on experiments and in December1935 broke ground for a fa c t ory with a furnace for melt ing 24 tans aday, with the expectation of beginning to produce before the summerof 1936. H O N A Z I T E
The Bureau of Mines has no record of any domestic production ofmonazite since 1925; in f a c t , world supp l i e s m recent years have beenderived almost exclusively from British India. The movement intothe United Sta t e s is quite irregular, but a general uptrend seems inprogress, f o l l o w i n g the heavy decline that accompanied the rapid dis-placement of gas mantles by other forms of l i g h t i n g equipment. Forthe 1920-29 decade the recorded imports of monazite into the UnitedS t a t e s averaged 499 short tons annually. In 1930 none was imported,but the average for the next 5 years, de ta i l ed f igure s for wluch aregiven in the accompanying table, is 947 tons.Of the 1935 importations, 1,064 tons came direct from India , and235 tons were credited to England, although this doubtless alsooriginated in India. V i r t u a l l y all of it was landed at Baltimore; andthe average declared value, $39.60 per short ton f. o. b. foreign port,compares with a nominal trade-journal quotation, c. i. f. New York,of $60.Monazite occurs in India on the seacoast of Travancore. Ihneniteand zircon occur in the same beach sands but in variable proportions.Of 28 samples of sand from d i f f e r e n t locali t ie s , the Imperial Inst i tu t e"found that f ive samples contained less than 0.2 percent monazite andonly nine contained more than 5 percent, al though one sample carried33.7 percent. Some of the sand contained apprec iable amounts ofens tat i t e; in o n e ' s a m p l e the nonmagnetic portion, which formed 25.5percent of the sand, consisted of about 40 percent quartz. 30 percentenstatite, and 30 percent zircon and rutilo. Ordinarily the monaziteis the most f i n e l y grained constituent, whereas the garnet and quartz(and sometimes zircon) are the coarsest. According to a let ter to theBureau of Mines from J o s e p h L. Gil l son of the E. I. du Pont de Ne-mours & Co., Inc. , momi/.ito is produced now only f rom the i lmonite

» l l i i l l e U n o f tiro l i n i n r l u l I n n l . ( l . » i i < l < m ) , vol. XI, no . 3 , Onlul irr IIKIA, (>|>. Hft f t- l t .

Bauds at Monavulukurichi, a l i t t l e town generally known as "M. K."about 4 miles south of Colachel (which appears on most maps). Theaverage sand currently treated at this p lant carries 2 to 5 percentmonazite, wluch is saved as a byproduct, out before the market devel-oped for ilmenite t l i in layers carrying as much as 15 to 25 percentwere selected, being scooped up by the natives with a hoolike toolcalled a momati. Thi s operation has continued with l i t t l e interrup-tion since 1906. Monazite has been produced also from the vicinityof Quilon near the mouth of the Neendakara estuary, but the sandsnow worked in that vicinity carry very l i t t l e monazite. In prelimi-nary tabling of the sand monazite is concentrated with the f in er ilmen-ite, which is largely removed by running the product through magne-tic separators. The nonmagnetic product from the separators isrerun in magnetic separators at a higher intensity, wluch picks outthe monazite from the other minerals, inc lud ing zircon and ruti le ,wluch are even less magnetic. Final cleaning is done on dry tables.The Travancore Government collects a substantial royalty on the
export of monazite.

Monazite tand imported for consumption in the United States, Htti -$!'•
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S T E O N T I U H M 1 N E E A I S
No domestic production of strontium ore has been reported since1918, and the canvass has been discontinued. Extensive depos i t sof celestite occur in the southwestern United States but are notexploi ted. Import s of strontium ores in 1935 were a t r i f l e largerthan in most former years, but imports of l eading strontium chemicalswere substantially lower than the 1925-29 average, indicat ing reduced

consumption.
Strontium mineral* and chemical* impotted for contumption in the United State*,foss-se
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V E R H I C U L I T E
It is becoming increasingly evident that depos i t s of high-gradevermiculite are not even as abundant as was generally supposed ayear or two ago. Experience seems to indicate that no vermiculiteproduct weighing, a f t e r e x f o l i a t i o n , more than about 6 pounds per



cubic f o o t i-.ua bo marketed s u c c e s s f u l l y , and a l t h o u g h there arcmany depo s i t s of material that will show u considerable expansionupon heating, few yield material that expands s u f f i c i e n t l y to moot thisrequirement. Moreover, many vermiculites de crep i ta t e when ex-panded and fa i l to yield a blocky, corklike product such as the tradedemands for many purposes. Some of the large automobile manu-facturers, however, do ibuy screenings (under 60-mesh) for makingplast ic insulator for their cars, and there are other industrial useswhich eventually may a f f o r d a larger outlet for f i n e material. IDview of the importance of size c la s s i f i ca t ion, the f o l l o w i n g list of use*for calcined vermiculite, based upon a tabulation prepared for theTennessee Val l ey Author i ty , is par t i cu lar ly interesting:
House insulation.Home refrigerators.Auto m u f f l e r s .Acoust i c plaster.

%-inch to
S a f e and vault l in ing s .Pipe covering.Boiler lugging.

SO- to 4O-me«hAuto insulat ion. Pasxungur cur i i i H i i l u t i o n .A i r p l a n e insulation. W a l l board.Refrigerator car inunlu- Water coolers,tion. A n n e a l i n g steel.
40- to ___

Cornice boards.
ISO- to gOO-mesh

Bakelite products.

S m e l t e r ladle s .Refractory briek.I n s u l a t i o n cement.

l ' ' i r e ex t inguishers .F i l t e r s .Cold storage.

Dielectric switch board*.

Tires and rubber good*.
gOO- to tro-mesh

B u i l d i n g up viscosity in Fireproo f cartons foroil. f i l m s .

Linoleum.Shing l e s .
Grease lubricant.

W a l l p a p e r printing.O u t d o o r a d v e r t i s i n gpaints.
t70-me»hExtender for gold and bronze pr in t ing ink or for paint.

For the present, at least, the domestic f i e l d — h o u s e insulation-is the maui outlet but industrial sales opportunit ie s are by no mean*unimportant. In addit ion to the foregoing list of uses, special mentionshould be made of the newly created business for insulating open-hearth steel furnaces. According to a recent review:"
Under the trade name "Thenn-O-Flake", the I l l i n o i s Clay Products Co.,J o l i e t , 111., produces three d i f f e r e n t products for furnace installation: Granules,coating, and brick. The granules, which weigh about 5% pounds per cubic foo tand fu s e around 2,500° ¥., are u sual ly spread on the silica brick of the roof Sinches deep and covered with a 1-inch layer of "coating." The l a t t e r — a fluffyaggregate of vermiculite granules, mineral f iber, and b o n d — i s used alone forvertical walls; mixed with water, and plastered on a furnace it weighs 15 poundtper cubic foot and melts around 2,300° F. The bri«v« «f *M. —— *— j- - -miita l l - f c * - - » - - J - • • - -

_—— -..- (,»•» v> mo grtnuiet.
a Cone, E. T., Insulat ion of Open-Hearth furnaces.- Metal s and A l l o y s , vol. 7, no. 4. A p r i l IMS. pp.100-118

A wide variety of vermiculito plas ter s ami concrete for both soundand heat insulat ion is avai lable , using various binders, such as g y p -sum, beutonito, goulac (paper-making waste l iquor), casein., «iFoundry part ings of raw dust and a foundry-sand binder of e x f o l L ^ 'f ine s are being tried out. Fresh ly expanded vermiculito is a p o w e r f u ldesiccant; nevertheless, it has been proposed as a fru i t -pack ing ma-terial, and it has found actual employment for packing bo t t l e s andother f rag i l e articles. The mineral is mentioned as an insecticidecarrier, battery-box f i l l e r , thermal jug insulation, roofing f i l l e r (tendsto raise the melt ing point of a sphal t), sealing compounds (due to itsexpansive propertie s), and to prevent "squeaking" shoes. Prelim-inary tests indicate a large use hi oil re f ining as decolorizing agent,for which purpose it seems to be greatly superior to fuller's earth.One company has launched a Nation-wide advertising campaignclaiming that the expansive propert i e s of raw vermiculite can be uti-lized to prevent power leakage past the rings of worn automobile andother internal-combustion endues, restoring compression; the Bureauof Mines has made no tests of thi s procedure, but the use of both rawand e x f o l i a t e d vermiculito for this purpose is covered by UnitedSta t e s Patents 2012951-2012952 issued September 3, 1935, to HaroldS. Brinker and W i l l i a m B. Thomas.The Associated Minerals, Inc. (Ralph J. H o l e , pre s ident , J. W.Mann, Austin, Minn., secretary) superseded the All i ed Minerals Co.(H. O. Aaberg, pres ident). The new company, a f t e r abandoning itsoptions on several properties in Colorado, Wyoming, and Montana,has concentrated its e f f o r t s on a new deposit at Gunnison, Colo.,which it expects to open up and explo i t actively in 1936.A number of companies and individuals were mining vermiculiteor doing development work in N o r t h Carolina hi 1935, productionbeing reported by Phi l i p S. H o y t , Franklin. N. C., and others.Shipment s were made also from Encampment, Wyo.Production f igures for vermiculite are not available, but consump-tion in the United Sta t e s , almost exclusively from domestic sourcesexcept for some experiments with Russian material, doubt le s s ap-proached 15,000 tons in 1935.Prices vary; standard-grade raw material, suitable ( a f t e r beinge x p a n d e d ) for house insulation purposes, is sold at $12 to $20 a tonaccording to locali ty, the average probably being between $14 and$16 per ton in wholesale quantities. N o r t h Carolina raw vermiculiteis nominally quoted in trade journals at $7 per ton, f. o. b. mines.In Omaha expanded material is o f f e r e d at 14 cents per cubic f o o t inbulk or 15.5 cents in bags, the bulk price corresponding to around$46.60 per ton. In Washington, D. C., single bags containing enoughmaterial to cover 18 square f e e t 3 inches deep have been o f f e r e d at 99cents per bag delivered, equivalent to $74.50 per ton.The history of the vermiculite industry, in common with that ofother newly developed industries, is largely a record of the growthof individual companies. The leading developments to date seem tohave been based upon extensive depo s i t s about 7 miles from Libby,Mont., a mineralized zone about 2 miles long striking about N. 15° W.and about 1,800 f e e t wide. The east end of this deposit is owned andoperated by the Zonol i t e Corporation of America and the west endby the Universal Insulat ion Co. The former concern was foundedby Edgar M. A l l e y , a pioneer in the industry who died on May 30,
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1935; a controll ing interest therein has been acquired by Fisher Bros.,Detroit, Mich., through WiUiam B. Mayo and associates. In addi-tion to operating the mine and mill at Libby, this company licensesunder its pa t ent s or has sales agreements with the F. E. S c h u n d l o rCo. ( p l a n t s at J o l i e t , III., and Long Island City. N. Y.), Z o n o l i t eInsula t ion Co. ( p l a n t s at St. Louis, Mo.; T u l s a , Okla.; Kansas Ci ty ,Mo.; and Denver, Colo.), Western Mineral Products Co. (Oinalm,Nebr .), Micolite Co. (Kansas City, Mo.), and two small Canadianplant s (Winnipeg , Man., and Paris, Ont.). A total of about 25 p lanUis p l a n n e d , each to be s i tuated at a largo consuming center for expand-ing vermiculi te to avoid excessive f r e igh t due to the bulky nature ofex fo l ia t ed material.

The Universal Insu la t i on Co. succeeds the N a t i o n a l Vennicul i t*Products Corporation of Chicago, III., which in 1934 acquired theproperty and assets of the Vermiculi te & Asbes tos Co., Libby, Mont.T l u s concern, which is reputed to be financed j o i n t l y by the Armourinterests and J. N. Camden of Kentucky, has bu i l t several expandingp l a n t s in the East and in March 1936 was bui lding a new mill ttLibby, Mont., for cleaning 75 tons a day of raw vermiculite. Thef r e igh t rate from Libby to Chicago is $8 and to Detroit $10 per ton.The economic mineralogy of the west end of this deposi t is thusdescribed in a recent memorandum furnished the author by OliverC. Ralston of the Bureau of Mines, who visited the proper ty in April1936:•PI.- -•—•-.-«•The venniculized pyroxenite, consisting of something less than CO percentvermiculite, also carried f l u o r a p a t i t e amounting normally to 2 to 3 percent, butin places up to 10 percent. Later, a f t e r s tandardized methods are adopted furre, the po s s i b i l i t i e s of segregating the f iuoram -
normay to 2 to 3 percent, butpace s up to 10 percent. Later, a f t e r s tandardized methods are adopted furm i l l i n g the ore, the po s s i b i l i t i e s of segregating the f i u orapa t i t e will be considered.The main vermiculiced-pyroxenite cone in this mine shows very few aeoumulationiof b iot i t i c material d i f f i c u l t to e x f o l i a t e . T h i s material seems associated morewith enriched cones, rare In this mine. I n s t e a d , a series of syenite dikes block*off the ore cone, f o l l o w i n g about the same strike as the ore cone, and mining iscarried on by ateain shovel in 30-foot benches between the syenite dikes. Period-i ca l ly the dikes are t opp l ed over and trucked to a separate dump. Spac ing ofthe dikes varies from 10 to 50 f e e t apart. They are thought to have been thesource of the solutions that altered the pyroxeiute in part or in whole into ver-micul i t e in this end of the ore cone. Probably they were the last intrusions ofthe area, as they cut all other formation. Another series of dikes or cones inter-sect the ore body consisting of material high in amphibole asbestos, together withless altered pyroxenlte, and striking about N. 40° E. W h i l e some vermiculiteoccurs in these cones, it is a minor constituent. These asbestos dikes are up to10 fee t thick, whereas the syenite dikes are generally only a few f e e t thick.Eviden t ly the amphibol izat ion of the pyroxenl te in this earlierl e f t the material leas susceptible to alteration in*̂ . • —— I-d i k M I «•••* «» -"—— •

_— _.*> pcuenujy only a few f e e t thick.....ueiiu/ me a m p h J b o l i z a t i p h of the pyroxenite in this earlier series of dikesl e f t the material leas susceptible to alteration into vermioulite when the syenitedikes cut all other formations. The amphibole can be fluffed into rather poorasbestos f iber, but suitable for making up vermiculite-ash<*itst<>-tw>»*^—"- •- • •Ing pastes. This win lit-'- •-- — J • •
„ _ — — . * .UM> vermioulite when the syeniteUU.GO vu* BII oiner formations. The amphibole can be fluffed into rather poorasbestos f iber, but suitable for making up vermiculite-asbestos-bentonite inaulat-'— —*-i . This will l ik e ly be undertaken a f t e r the mi l l ing problem of the ver-> sa t i s fac tor i ly solved.

. — — — o u*w vi IH/KB._ _^v,.<*uvr a uumoer of operations are reported, mostly in thevicinity of Westch'ffe or around Canon City. H i l l s i d e , Bone YardPark ( S p a r l i n g mine), Dead Mule G u l n l i w* e..i.'-J~ —
- — , ...vtiiujr W U l f l.__ „ ..vowjuuo or around Canon City. H i l l s i d e , Bone YardPark ( S p a r l i n g mine), Dead Mule G u l c h , and S u l i d a are among the
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leading localities from which shipments have been made to Omahaand Kansas City. The fr e igh t rate to Omaha is $4 a ton from Colo-rado compared with $7 a ton from Montana. •

W O L L A S T O N I T E
The f i r s t commercial production of wollastonite was made in 1933from a deposit operated by John T. T h o r n d y k e in the Radamacherdistrict near Code S i d i n g , Kern County, C a l i f . T h i s natural calciummetasilicate (CaSiO,) is s h ipped to Los Angeles, where it is used tomanufacture mineral wool by a new process in an electric furnace.This unusual operation has been described in a recent paper."

' « T h u r i i d y t n , i. T, Mliwnl Wool from W o l l u t a a l t c : Mining and MeUUIurf jr, vol. 17. no. Ul, MkrohVHU. pp. 133-113.
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TOPAZ> T." >;.
____ of fine-grained topaz was shipped in 1939 by the Tea-iie*-Mineral Products C o r p o r a t i o n , ' S p r u c e Pine, N. C., from the f

in^deposit at the Brewer gold mine near J e f f e r s o n , S. C. The' ' J analyzes 50 percent AljO», 40 percent SiOi, 0.92 percent12.74 percent Fj. (Inasmuch as the analysis totals over
f_^_t, it would appear that some of the aluminum is combinedfluorine instead of oxygen.) A f t e r calcining, however, it carries £erfeent AUOi and 29 percent SiO,, or about the same composition <Sugined Indian kyanite. Like kyanite it may be used in special

V E B H X C U U T E
S production of raw vermiculite in the United State s in 1939 was„ -than in 1938 but did not attain the 1937 record. Declines in^western output partly canceled an important gain hi North Caro-4 Where there are now two producers, Philip S. Hoyt and Garymorals Co., both operating at Franklin, N. C. The latter com-' ' " a f f i l i a t e d with expanding plant s i n Washington, D . C . (Ver-uui* Products Co.Jj and Newark, N. J. (Munn & Ste e l e , Inc.).i two producers at Libby, Mont., merged into a new corporation—*renal Zonpl i t e Insulation Co. (C. W. Kearney, president), Chi-^HL-!—which continues to mine the raw matenal and to ship-J and sized vermiculite to its own and other e x p a n d i n g ' p l a n t scities. The Mikolite Co. (1100 South Mill Street, Kansas ,;, a f t er being optioned to Lehigh Portland Cement Co., ''operations under the original management, producing-^-into loose f i l l — a varied line of insulating, acoustical, anditweight plasters, cements, and coatings, as well as stucco and!tural finishes. Among its newer products is an extender for— h u m paints which, it is claimed, give better results than straightium paint and increase coverage by 25 percent. Vermiculite•this purpose is only 0.00002 inch in diameter, and 1 ounce bulks- — — — utelv 5K ounces by volume. Other uses of this f in e powderit through 325 mesh) are as a coolant and lubricating agent^automobiles, both in the motor and in the transmission and rear' '' This company gets its raw material from Wyoming. Vermic-! is mined in Colorado by the Vermiculite Co. of America, 406— i Building, Minneapolis , Mum.

f« ^Vtrviiculito gold or vied by producer* in the United States, 1614-39
Shorttom

2102I S O611,00*•S38311.SM

Vttae
IBS18»MMI . J 1 8» R , I 1 »«,<•«13.0R2

Year
1632. .1933..

W37..1838..1839. .

Shorttons
1,M3Si 8474.7487.068iKw!J6.88«10,70011.174

V»lu»
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Freshly exfol iated vermiculite has been reported es being a nowerfuldesiwsant, a property that prevented its proposed emrfoyment forpacing frui t , but a recent mvestigation "Indicates that^Scuutethat has been ex fo l ia t ed several months, has low capacity and e f f i c i ency

If^nfh^^ 0 1 WaterJr-ap0,r' ?*•*» 9 t heraand, t h e ' s i l i c a obtaaf t er other oxides are dissolved out with sulfuric and hydrocUh < M C C e I 1 t ProP^es/ * *«* characteristic^a lai¥e Wume ^
si u vermiculite remained f irm at 90 cents to$1.35 a 24-pound bag, and prices to building material dealers s t i f f e n e dThe raw material was worth $7 to $12 a»ton, f. o. b. mines. enea'

It ; i fli
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S T R O N T I U M M I N E R A L S

[By Charles L. Harness]
The celestite (strontium s u l f a t e ) industry waned further in 1945.four producers reporting shipments of 2,784 short tons vnlutt l »i$27,840, compared with 3,005 tons valued at $48,165 in 1944.During the war, domestic celestite was valuable as a sub s t i tu t e K*barite in weighting rotary oil-well dri l l ing muds and to sonic ext«,iin the manufacture of strontium chemicals. As war demandsbarite became more p l e n t i f u l in the dr i l l ing areas, and also requre-ments for strontium chemicals in tracer bul le t s and f lare s were reduceddrastically. Cele s t i t e producers have been forced to seek adi l i l i o t . i loutlets, generally local, such as use in p u r i f y i n g caustic soda solutionand in making small quantities of strontium chemicals for pc-acciitneapplication.

Import* of celettite for consumption in the United States, by countries, 1943 -$ nshort tout

Country

Mexico. — . — — . . — — — — — . — — —

19
Shorttons

1,36711,060
16,881

43

Value
$21,347148,23380,000
240,680

ID
Shorttons

13,1702.822
(,793

44

Value

$66238,19147, (76
88,419

Ik
Shorttom
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*«
J , W 1

«S

V t t e
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f t l M

Exports of strontium chemicals from the United Statet, 1944-46, in short lou

O t h e r — — . . . — — . . — — ..-——.——..—............-.

19
Short tons

223213
238

44
Value
$38,8981,1987 823

48,719

1>
Short tons

2M19I t
319

ii
Vito.

I K Wti •M S f e
H.W

The f o l l o w i n g producers reported shipments hi 1945: W. C. BucLkr.& W. N. Rowe, 1555 Sunset Ave.. Pasadena 3, C a l i f . ; The Pw-Chemical Co., 205 First National Bank Building, Pomona, C i W :M i l w l i i t o Co., Inc., Cotton Exchange Building, Houston, Tex.;Bennett-Clark Co., Inc., Nacogdochcs , Tox.A f l o w shoot covering the preparation of strontium chemicals froocolc s l i to w»is nwiowod.10

» niMMutcnl tint Metal lurgical Kinlnoorlnn, Utrui i t luui UliomlcnU: Val. 63, No. 1, J u m i i j I M t » , :

1W-IM.
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Shipments of topaz hi 1945 from the Brewer mine", near Kershaw.8. CL by the United F e l d s p a r & Minerals Corp. of Spruce Pine andthe Carolina Mining & Exploration Corp. of N a p l e s N. C.. decreasedbom the 1944 total. Two products were marketed—crude topaz hikimp form and crushed ana screened material. Topaz was used in1945 by the refractory industries and for thinning dag in open-hearthfurnaces.
V E R M I C U L I T E

Sales of vermiculite hi 1945 reached a new high of 64,808 shorttons, 12 percent above the previous record set in 1942. The increase• attributed primarily to the sharp rise in home and industrial bui ldingthich fo l lowed relaxation of Government restrictions on construction.The wider use of exfol iated vermiculite that developed during therar was another factor hi the increased output.Vermiculite is used as a heat and sound insulator in loose form inwalls and ceilings and in bonded form hi concrete and plaster It isdurable and f i r e p r o o f , and its light weight puts less load on buildingnames than do some other materials. Other uses are as an oil ab-lorbent for machine-shop f l oor s , a paint extender, a refractory, andl toil conditioner.
Production hi 1945 was reported from f ive S t a t e s — C o l o r a d o , Mon-tana, North Carolina, South Carolina, and Wyoming. As in previousTears, the bulk of the output came from Montana. In Colorado| & M t e Mineral Insulation operated in Fremont County and theAkXit e Engineering Co., in Gunnison County. - The Universallonohte Insulation Co. produced in Lincoln County, Mont. M i n e r a ' ,Inc., which has been producing vermiculite hi Macon County N 'was reorganized as Vercalite Industries, Inc., and increased i(*capacity. Bee Tree Vermiculite Mines operated hi Greenville C»u.uSL C. In Wyoming, Lewis and Martin Smith produced in Co™vc i« tCounty, the Mikohte Mining & Development Co. hi Carbon Countyind the A l e X i t e Engineering Co. in Carbon County. The tonnagesand values of screened and cleaned vermiculite shipped in recentjears are shown in the accompanying table.Screened and cleaned vermiculite brings $8 to $12 per short ton attte mine. A f t e r it has been ex fo l ia t ed hi the consuming area it sellsI fcr $56 to $100 per ton packaged hi 25-pound bogs. Loss of weight inI c f o h a t m g is estimated at about 10 percent. Assuming an averageI j n c e of $75 per ton, the total value of exfol iated vermiculite sold inI IMS would be approximately $4,375,000.1-. Interest, in vermiculite is increasing in other countries as well as inI the United States. I r a d o journals described deposit s and uses of theiBineral in bouth Africa , and a review including information on loco-Ikon, geology, and production from Australian deposits was publishedIB 1945."

p Occurt<1"0" of v « n » " ° » l l l « »" Aui ln l la: V«1.17,
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ite received during 1950 was imported from the Unitedand Mexico. Shipments from Spain ceased in the previousa preclusive buying agreement with that country was»?•- • ' *•

ipal uses for strontium compounds are in red-flamecompositions, such as truck signal f lare s and railroads." tracer bullet s , and military signal f lares.•?. • . ••-... - . 4;J7.— Strontium mineral* ' imported for consumption in the United Sta t e s ,?. 1048-60, by countries, in short tons.|D. 8. Department of Commerce]

SewtaaniOimA.
i l l f W f Tf^nf^1nDm,^mi;

I M S
Short

1,11414,114•,013
SI, 771

V»Jue

$14.863440,318103,438
US, 708

1MO
Shortton*

M1,188S, 1034,804
•,384

Value

178814, «9074,82886.878
176, 681

1850
Shorttons

1,875
4,858
8,830

Value

$23,810
118,303
143,213

I J l t r o n t i a a l t e tr nawral strontium carbonate md eelestlte or mineral ttrootlum sullate.
occurrence of a tvpical deposit of celestite near Bellwood, Pa.,I as other deposits in this area, has been described.**JJ'"ion to the previously reported deposit of celestite in the...... . Jy District in India and the Mianwali District, Punjab,£ajabther deposit has been reported in Pakistan near Karachi. No^timate of the reserves in this deposit is available.*0 •SfAt the end of the year trade-journal quotations of prices for celestite,,,t m car lots, 92 percent SrSO4, f in e ly powdered, was unchanged at $54|v per ton. Crude, 90 percent grade, f. o. b. cars Cali fornia, was un-M changed at $19. Strontianite, lump in car lots, minimum 84 to 86' p e r c e n t . SrCO», was unchanged at $55 per ton. These prices are

TOPAZ
production of topaz was reported to the Bureau of Mines'1950. The Brewer mine near Kershaw, S: C., and the depositN a p l e s , N.",C., formerly worked by the Carolina Mining &loration Co., apparent ly were inactive during the year.

V E R M I C U L I T E
Produc t ion.—Sale s of screened and cleaned vermiculite produced' "he United States continued to gain, and in 1950 were 208,096rt tons valued at $2,122,427, representing an increase of 23 percentquantity and 26 percent in value over the preceding year.Production in 1950 was reported by the f o l l o w i n g companies:Zonolite Co., 135 South LaSal lo St., Chicago, 111. (mines at Libby,

» Hamilton, Howard V., Notes at the Occurrence of Celestite In Pennsylvania: Bocks and Minerals,vol. J4. Nos. 7-8. July-August 1990, pp. SIS-350.• Bureau of Ulna, Mineral Trade Notes: vol. 31, No. 4. October 1850. p. 32.
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Mont., and Travelers Rest, S. C.); American Vermiculite Co., SprucePine, N. C. (mine near Spruce Pine, N. C.); Mikolite Sales Corp.,Kansas City, Mo. (mine near Encampment. Wyo.): Vermicuhte. S u p p l i e s . Inc., Sylva, N. C. (mine near Sylva, N. C.): The Variegate:Vermiculite Co.. Groenmountain, N. C. (mine near Forbes, N. C.);and Colorado Vermiculite Co., Colorado. Springs, Colo. (mine nearW e s t c l i f f e , Colo.).Miners and processors of vermiculite have formed the VermiculiteAssociation, Inc., to increase and d i f f u s e the knowledge and uses ofvermiculite in widely diversified f i e l d s . Standard specif ications forboth crude ore and expanded products are being d e v e l o p e d . ' 1

TABLE 18.—Screened and cleaned rermioulite t o ld or uted by producer* in theUnited Sta t e s , 1043-60
Year

1M3.......................1844...... —— ............1845— ....................iiurt

Short tons
46,646M.11664,80886,380

Value
$471 885Ml) 744648,077807,873

Y«ar
1847 .....1848....... — ............1848. .....................1850......................

Short tons
131,385138,035168.818308,088

Value
11,338,8721,387; »31,680, 4189,03, 427

Assuming an average price of $80 a ton for ex fo l ia t ed material anda 5-percent loss in weight in the ex fo l ia t ing process, the value ofex fo l ia t ed vermiculite sold in the United State s 'during 1950 would •be about 16 million dollars.Uses .—Since vermiculite entered the commercial market some 25years ago, the variety of uses to which it may be put has s t eadi ly. increased. In the main the uses are based on the structure and l igh t- 'ness of the aggregates of ex fo l ia t ed grains. Among its many uses are:Aggregate for plaster and concrete, insulation, soundproof ing, refrac-tories, stucco, sa f e and vault linings, wallboard, f i l t e r s , plast ic prod-ucts, rubber goods, and as an extender for paints. Recently increasedat t ent ion has been paid to the use of vermiculite for agricultural pur-poses as a soil conditioner.52

A portable expanding furnace for vermiculite has been developed forsituations where large operations are not j u s t i f i e d . The furnace willmake it possible to process vermiculite on the site at constructionp r o j e c t s . ' * 5

The resilience of s tudless 2-inch solid vermiculite-plaster partitionswas established in recent impact tests."Use of vermiculite as a refractory is beginning to attract widerinterest, both as brick and in a variety of moulded shapes.*3

Prices.—Domestic screened and cleaned vermiculite in 1950 aver-aged $10.20 a short ton, f. o. b. mines, while quotations of SouthAfrican crude were $30 to $32 a short ton, c. i. f. Atlantic ports. Thewholesale price of e x f o l i a t e d material was about $80 a short ton during1950. /
« Concrete. TO). 18. No. 12. December I860,' p. 14." Saunder, D. H., Value of Vermiculite In Agriculture and Horticulture: Khodostan Tobacco Jour.(Salisbury, Southern Rhodeato), January 1851. pp. 61-87.• Rock Producls. vol. S3, No. 2, February 1840, p. M.« Pit and Quarry, vol. 43, No. 3, October 1850, p. 125.M Refractories Journal, February 1850, pp. 30-38.
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' A f r i c a . — S a l e s of vermiculite in the Union of South Afr i ca during1050 were 31,497 short tons, an increase of 35 percent over the pre-ceding year. Of this amount, 16,631 short tons were exported to theUnited State s , with a total f. o. b. export value of £S. A. 91,483, orabout $15.49 a short ton.1 The Department of Mines of the Union of South Afr i ca has madean extensive study of a vermiculite deposit in northeast Transvaal andreports the existence of one. deposit , with over 6 million tons of vermic-ulite of commercial grade. Other deposits have been located in thePetersburg and Zoutpansberg districts. Numerous tests carried outby the Geology Department of Witwatersrand University and by theGovernment Metallurgical Laboratory indicate that the hydrophlog-opite type of vermiculite occurring in South Afr i ca has an extensionfactor ranging from 21 to 30.M

At several places in Southern Bhodesia vermiculite depos i t s areknown, and some production has been reported. Occurrences arealso noted in Nyasaland.Other Occurrences.—Vermiculite depos i t s are reported in the S t a t eof Mysore in India.The vermiculite deposits near Liberdade, S t a t e of Minas Gerais,Brazil, have produced some material for local use.A. discovery of vermiculite at Stanleyvi l l e , near Perth, Ontario, hasbeen announced by the Hon. James J. McCann, Minister of Minesand Surveys, Ottawa. The mineral varies in grade from place toplace over a large area, and considerable development work will benecessary before the f u l l potent ial i t i e s are known.*7

. An occurrence of vermiculite in Queensland, Australia, has beenreported, and fur ther prospecting of the deposit is recommended byby the Queensland Geological Survey.*8

W O L L A S T O N I T E
The only deposit of wollastonite being worked in the United Stat e stoday is at Bristol Mountain near WiUsboro, N. Y. From this depositthe Willsboro Mining Co. produced approximately 2,600 short tonsduring 1950. T h i s material was valued at $20 per ton, f. o. b. thesh ipping point. Sales were for use pr inc ipa l ly in ceramics and as achemical raw material. A considerable amount of research intoprobable uses of this material has recently been carried on. Thes epotential uses include electrical insulators, paint extender, paperf i l l e r , industrial and building tile, and many others.

,S,D* p"fJ l5? l t — *""*'• Onlon •* 8ooth An*s» Quarterly Informat loo Circular, October to Deeembe"*T~" »——*••"• »• v-»»»w( vurum* w» WWW «Ua IVBt ^[IMH WW If m U I W I U J A I i l V U \

« Nwitlwrn 'Miner (Toronto, Ontario), wrt. K. No. IS, Nor. 23.1090, p. jj,« Queensland Government Minim /our, vol. 11, No. 681, Mar. 20, W51, p. 168.

P A R T I I I . S T A T E R E V I E W S
[The Mineral I n d u s t r y o f A l a s k a

By A l f r e d L Ransome and W i l l i a m H. Kerns

G E N E R A L S U M M A R Y
G OLD output hi Alaska hi 1950, f o l l ow ing a 2-year decline, in-creased to the highest point since 1942. Thi s unexpected gainhi product ion of the T e r r i t o r y ' s greatest value commodity waslargely responsible for the increase hi the over-all value of mineraloutput hi the Territory to $17,852,000 from $15,549,000 in 1949.Although coal continued to rank second to gold in value of ou tput ,production was s l i g h t l y less than the record production of 1949. Themining of platinum continued to be an important fac tor in the mineralindustry, with production of crude plat inum metals exceeding that of1949. The output of lead was three tunes the 1949 production, andsilver gained 46 percent over the previous year's total. Copper andzinc production — entirely as byproducts from other ores— ^showed anincrease, but remained minor. Production of tin was relatively small,but sub s tant ia l ly above the total for 1949.

TABLE 1.— Mineral production of Alaska, 1948-50

Aouivnu

Antimony ore .short tonsCoal, bituminous... — — — — .do. —Copper — — — — — — — — — — — d o —
Lend short tons
Sand and (ravel. .......short tons..Silver. .... .. __ . _ .troy ounces..
Tin <8n content). — — — — — .do —Tungs t en (80-percent concentrate*)(shipments) short tons
Undistributed •..„„..„.. — .....

Total.....................;...

1
Quantity

«S407, MSI t348. 3M828
1«

67?«140,730
-J -

/ »

MS
Value
«29.»382, 78». 176O.M48,093,825117,782

9 JUO

«560. M764,137«
0,8521,157,704

13,024,000

1
Quantity

74433,133
128,416S i»oo
S6?«»«•7

1

W f l
. Value

*3!.U6"ta8,029.40016,1167 04A52£1 633«l i t , 800
4464,008,080

», MB, 000

1
Quantity

•412.4M
389,173140

3,060,02062.638
«_19

116

•SO
Value

' • " • M S10, 134, (2040, m
1.177,40747,6*0«170,181
«L1M2.054,738

17 882. BOO

• Final f igure. Supers ede s preliminary Bear* (iven In commodity chapter.• Value Included with "Undistributed."• Comprises value of clay and pumice (IMS), platinum-croup metals, and minerals whose value must beconcealed for particular yean (Indicated In appropriate column by f oo tno t e reference 3).
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from the Berg Aukas mine in 1955 compared with 1,130 tons... Exports were 1,022 short tons in 1955 compared with 969901
v' 1954. The 1955 exports comprised 1,020 tons to West Germipy'-,, 2 tons to the Union of South Africa.j;• The Berg Aukas mine was reopened in 1955; undergroundv ment disclosed small quantities of high-grade vanadium o,company experienced increasing diffieeflty in maintaining1 enough s u p p l y of ore to the null from that section of the ;West mine being worked, and a substantial tonnage was dra~ old tailings. Work was resumed at Harasib III mine to'i lead-vanadium ore body at greater d e p t h ; some lead-vanaa. exposed by continued underground development at the BaltL,i' and a geological examination of the old Nosib lead-vanadiunv* mine gave encouraging results, which will be investigated fu
* * , ' • ' - , O C E A N I A
•"' Few Z e a l a n d . ' — H i t h e r t o found to be unusable in blast>' because of the presence of titanium, the vast depos i t s of in' extending from Patea to the Waikato in New Zealand, estimcontain 700 million tons or more of recoverable iron, may j' - the basis of a large new industry as a result of experiments at f. toria University College. Titanium might be a premium i' , that would make processing economical, since magnetic e e j' ; yielded a product containing 0.3 percent vanadium and 8,.: titanium. ;*'

•• » Mining J o a m a i r L o n d o n ) , T I U n l a m and Vusdlam From N«ir Zealand Iron Baodi: Vol.IV Oct. 14, IKS, pp. 430-437.
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V c r m i c i i l i t i v
By L. M. Otis1 ond t^lqn C Jensen 1

- =• "»» "^ri?p' f f ^ ^ f c . - A f O f c f f *-h^tii••-• ,(f.~':~?r#&£.V ,-»<«n{-r-j.. r .- .-r-v*'"^ ':'.'*&•V-i-^l< , > ••&• ' s J v ' . ^ ' i s t^ : ' / n > £ £ f• j«;^^uf;.^>Wl
' . ' . . • ! " . ' " • * • •»EUDE venniculite production-nearly Regained the highestablished in 1951-62; and, for the fourth year in st .recording by the Bureau, of^Mines.ljOver 200,000 tons-iwaS,*:eted or used.by producers. The Union of South Africa.'nriasL the only important foreign producer^ite output rising almostSQl•at over that in 1954. :-'- o ',.:• ^ . • ; ,..-V^ij

DOMESTIC PRODlf<n6N
|rOrude Vermicnli te .—Seven firms operating 8 mines in 3' State s" 'i t tppr t ed output of crude venniculite in 1955. Of the f irms; 4 jao ld^Their entire production as screened and cleaned crude to be ex fo l ia t edV*in plants belonging to others, 1 produced only for its own use^anxl 2;'itilized part of then* production for their .own ex f o l ia t ing faa t i l i.» ^^ - ———:_ j,_ :» *i,« AW«« «i«^At'wi'« , ' ,JJ.^,to come from t h e ' i n m e s

W l I.•!<<%* J P * » — — . - ^ - — — — — — — — — — r _ _ _ _ _ _ ^ — — T ( - . .iid sold the remainder in the open, ——__,' T h e greatest production o f crude continue ^,,—— — —J t h e Z o h o l i t o Co. near Labby, Mo)it; t a n d ' j j a n f o r d , S. C. _..fermiculite Co., near Lanford, ' p r o d n c e W t h e second largest cpn^pt.^^total.' Output was reported in North Carolina, but none from AnzonX?f ,Colorado during 1955. . ' v , T K : ^vsw
l.-^-Soreened tad cleaned crude verinli, the United f i u t e s , """ «" '— «r vaed1851-65

.ii.——

Blurt tons
146,668309,006X&.9M

VOat
»1,<80,B5£«%MSI, 847,836

188, US'

* ? " • - . . • • .^Exfoliated Vermicul i t e .—La JL955»" "2. State s and Hawaii. North" " ' ; plants, with,? - • — - - • '' i few Jersey, and , .~-,—, and MassachuBetts. •>iLvenaiculi te-exfol iatmg plant_ 4 ' t o t a l ?f 158/)00 short to%tj,-,ttft&rly $10 million, was sold o r ' u s e d

operated --,Texas each,,„ Jlinob t M"^5, ,plant s in 1c o n c e r n e d ' '
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1944 1946 1946 1950 1952 1954 1958 ' yFIOUBE 1.—Screened and cleaned crude vermicullte sold or used by producer^the United Sta t e s and average value per ton, at their p lan t s , 1944-55.
•<-TABLE 2 . — E x f o l i a t e d rermkulite gold or tued by producer* In .the T/n.,. States , ' 1854-86

T«ar

1854--MM..

Operaton Plants Short toil

U7.0S2

V»lu»
Total

na.xn.tO3«.WB.«M
i K t S U t u a n d H t m U .

Mine and Plant D e v e l o p m e n t s . — Z o n o l i t e Co. had a new mill undconstruction in South Carolina in 1055. The mill was to be fuLequipped with the most e f f e c t i v e machines including f r o t h - f l o t a t i oapp l i ed directly t o shaking tables f o r removing impurities I ; 'vermiculite. With its completion, vermicullte mining north of Gryi l l e will be discontinued, and the older mill at Travelers Best, thoidle , will be maintained in standby condition. Active mining _underway at several deposi t s south of Greenville. The new mm'*Enoree, Spartansbure County{ is not only centrally locatedrespect to the mines out is adjacent to two streams which- arequate t o insure water supply. ' ' "Southern Vermiculite Co. of Franklin, N. C., was purchased D:Boy M. Biddle of Franklin. Crude vermiculite will be produced f r o fthis mine.* \ . ' «
i Xagjnecrtaf *nd M t o l n j Journal. veL ISO, No. I. May UU, p. 148. : '

C O N S U M P T I O N A N D U S E S
; ,or cuiiiea inw> ine grpuua BepaniMuv. | S . vuuu p u u j e u w UJBVUOOVU;, the machine application of verniicuute;concrete end plaster for Lceilings, roofs, spandrels, f i r eproo f ing; .'steel beams, and aqo'ua/treatment. . - ; - > • ' ' • ' ; - ^ » ' - <''• The use of vermiculite in machine-applied acoustical plasters wi'•ubject of a meeting of architects, plastering contractors, an4 'lite Co. o f f i c i a l s hi Minneapolis, Mum,' .Buildings in which :yc. .ulite had been machine-applied f o r } acoustical and f i r e - f f i t af; purposes were inspected by_ the group. Exploratory *"*««>vplas ter f ire tests at the University of Ohio and full-s<''^Underwriters' Laboratories also were.rdiscussed. The __.,"sponsored by the Vermiculite I n s t i t u t e / b f Chicago.' -V^'ii-;; The Bureau of Mines did not canvass producers concefniu'as hi many instances the ex fql iators are ^xot aware of the f^However, the largest vermiculite producer, the Zonolite Co..,. ^ _._a data book l i s t ing over 40 industrial uses for its product.* BesidfisV• describing these uses La terms.of absorption, resiliency, and therVnal^expansion, and characteristics as a f i l l e r , lubricant, catalyst, dielectric^and insulator, the book indudes a selected bibliography on vernucu-*

The relatively small quantity of vermiculite used in the uhez|pliat(state included the f o l l ow ing applications: A catalyst hi the preparatic. of petroleum hydrocarbons and other organic compounds; a n / " ' " ^ 1

ent in acid-resistant eU^mg powji j er^ An.'Additive to molten nor^metals and gray iron to improve r a w ^ a i f e u c ' t u r e and nxachicin compounding briquets of fe^rroBiiioostft^ed.tO d i s p e r s e ' . a f l d iladle s of molten meta). • -;-% .«;^K- > ">,:'-2The construction industries consume .most of the exfol ialmiculite. Agriculture used a substantial tonnage, and many^minor miscellaneous purposes constituiiBd the remainder,.,, |t
- ' ' J -• "w-it **_ '---^eV .

• ' A. t- ^-""i " ** ' y ' * * y t ff. ;MThe average value of crude S c r e e n e d ' S n d <3eaned vermii(uHt£> b'mine in 1955 was {13.24 per short tori, a;2-percent increase flyer;?The average value of the exfol iated product f; o. b. p r o d p c ^ B ' |was $63.31 per ton, a decline of 15 percent compared withltvious year. These prices are from a Bureau of Mines 'Market quotations are seldom found in the trade journals. . • ivas

^3. The Union of South Afr i ca> crude vermiculite to: the •' d e s t i n a t i o n of its exports ate•' About 80 percent of Cana.were s opp l i ea by the Unitedof South Africa. . :.v ,
• EUxj* ProdocU, New A p p t l O B t k O J i .• Plaiterlng Industries. ContnOUn, Wwtam Utawnl•48. • . ̂  ;- ,.,. ... ,-f47-48.

.-•«£-;impori <juantit
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T E C H N O L O G Y
P a t e n t s . — A new type of bonding material for use in moldiipositions was patented. The mixture from which molded ptiare formed contains .exfol iated vermiculite, asbestos, and talc.,|A patented l ightweight concrete includes, among i t s a g f ' 'ex fo l ia t ed vermiculite and various other materials of lowgravity.' / ' ( ?A new type of insulation for underground p i p e employs ex fqvermiculite with asbestos-board or mineral-wool jackets.' iA patent was granted covering the use of vermiculite in a a'of sodium si l icate solution, metal oxides, and kaolin, as a pro!coating. It is claimed that this mixture a p p l i e d to steel, aluttand other metals prevents corrosion under moist or dry heat condand makes them resistant to chemical reactions. Recommendedings contain 10 percent of expanded vermiculite.10

A patent was issued for a new type of p la s t er aggregate conlargely of e x f o l i a t e d vermiculite and granulated blast-furnaceIn a new separation process, e x f o l i a t e d vermiculite can bea support for urea or thiourea in the chemical reaction.1*Exfo l i a t ed vermiculite is the preferred rooting medium in a palpackaged plant-growing box designed for rapid germination of pillA patented surfacing material for walls and ceilings contaM!f o l i a t e d vermiculite, lime, and portland cement together with*quanti t ie s of a p la s t i c i z ing agent such as barite, chalk, whilkaolin.14

Research.—A graduate f e l l o w s h i p was established by the ,3l i t e Co. at Clemson College. The initial s tudy will deal wi f lrelationship of the physical and chemical properties of ver "to its geological origin." ;
At a j o i n t symposium of the I n s t i t u t e of Marine Engineers iI n s t i t u t i o n of Naval Architects, it was s tated that research inde f f e c t i v e use of vermiculite as an a d d i t i v e in p o w d e r e d ' f o r m toil used in steam turbines. W i t h the addi t ion of vermiculite.'residual oil can be used without f o u l i n g the machine withbustion waste.1* • '••,
U t i l i z a t i o n . — T h e manufacture of precast vermiculite insulconcrete roof t i le in a modern Pitt sburgh plant outlined with;trations was described.- The t i l e is 3 by 18 by 36 inches long,'12-gage galvanized steel mesh bent into 2- by 4-inch baske"reinforcing members.17 ' < . ' = • '

' Thompson, J. 8. (assigned to Parker Bust Proof Co.), Bonding Materials and _. Same: U . S . Patent 1,703,428, Feb. 12, UM. , j1-• W U l s o n , O. !»., Cement-Bound L k h t w H g h t Aggregate Masses: V. B. Patent W03JN, Mar..«----- StpgoTwj, Method of Insulat ing Underground PI
/ ! ' -

• W U I s o n . O. !>., lament-Bound L• Cod. D. O. (assigned to Zonollta »Patent 2,707,084. May 10. IBM. •
••flapc*, Arthur H.,0oa t tag tor1 Metals: IT. 8. PatontJ.711,974, June 28, IMS. ' *•'u ZlaeJer, 0. V. (assigned t o Z o o o H t e Co.. Chicago. IlL), Aggregate Composition «f Omwle d V e r m l e u t t t e : U . B . Pateot f c r i ^ b S T A u g . I M M I I . „ '. W. M. (assigned to P h l l l l l PetroCuim <v> \ a™ — "— - — — - - - - - * - -loss. e r m e u e : . . Pateot• A»e. W. M. (assigned to P h l l l l p l . . .Oo.),8ep«ratlonProoc»s:O.B.

ted
„ _ — , , VH|.OT»«*Mva* A i t f l ^ M ; u* O.

""peerless, 8. A., Miniature Greenhouse: OJ8. Patent V30.7J5, Oct. IS, 1653.u oilpeon, 8, Composition far Surtodne WaDs, OUlngs, and tbe Like: U. 6.
*•«•—• — — ' - - • ' N i

,. P a t e n ^ , ,
Tol.13, No.», Feb. E , l » 5 S , p . 854. U?iradon), Tale and Vermlcull to: Vol. SI. No. f, AncdR IBM,i Preoast Couorete Boof-Tllo Plant: Vol. 48, No,:^^epte

IA magazine article called attention to the f ire resistance ofte used as a plaster and in "concrete dabs under actual **» ~a 8-hour fire in a laboratory of £ high Bchool indicated.,^—Kw'plaster over metal . lath is e f f e c t i v e in p r o t e c t i n g ' % t «"I ceiling and that venniculite-c^^ctete roof dabs -«•*••»*ur these f ire conditions." C fh "M^V »":V-culite is one ingredient in a patented mixture„„ to manufacture lightweight : wafl panels. rn

UVM insulation qualities and ;higb resistance to __.,,_.e ' t a w e d , nailed, and otherwise worked like lumber. . StandIfe^ f e e t long, 16 inches wide,,an^ 2 .to 5JZ inches tir*1^enough for walls in 1 story food l j£«tory resi,_•ecjally adapted for f i r eproo f .demountable partitions*tidings.1" ' , •WORLD REVIEW
N Q R T H T A M E R I C A

! r, • \K y»-^ada.—Four companies produced ex fo l ia t ed .,,__lanta in Canada during 1955. •/ The value of f t n i f W p - ported into Canada was Can$355,411, $284,152 f r o n v ' ^ t h ^ j lStates and the remainder from the Union of South AfncaJ&CbfiWit in 1954 was 21,964 short tons,. 13 percent less " """—"'' • ' "i-yWj--8.—World production of Tcrauonlttc, by coantriei ^a&d 10G1-CC buhort to&i •
., (OompaMb7l iWenL.B:nnt]

Country t

itnemRnflka.olBoutnAmca..^.——.—..i......18tetes (sold or used by prodooen)..
World total > — — — . . , — — —

» faadd l t l on to«)antr tw to t«d t »e imloameb | i roda t«d taBrar iIandU.8.8 . l>J^ and iu> estimates are Included In toe total. w:. • -4> T b l s table Incorporates a number odvrtaloni •f ta ta BabBilMd fa ptavloai V«t tntlmate. ' -• . •-} V^-'- >A»erage tor 1 jear only, u 1850 was f l n t year Weonuaardal production.

||ndia.—Vermiculite of eat^fact^ry. commercial.Mysore.by the Geologi ca lrIJ4partment . All ,1 ' a limited extent i n various jndustriee. India i f l )...—— B- . • .:.-,,4, •- • . .* K-ir > . • • • • ' ' • • ' K.
Mines aid Toohnlod Bmr«y. Vannl?nllte b (



AFRICA ' j
M o z a m b i q u e . — T h e Transvaal Ore Co., Ltd., of Johannesburginves t igated vermiculite d e p o s i t s of Panzo at the Zambezi River in theT e t e district.1*
Bhodesia and N y a s a l a n d , Federa t i on o f . — A detai led account of thegeology of the M i d d l e Shire V a l l e y , Southern N y a s a l a n d , mentions theexistence of vermiculite ore r e su l t ing from the hydrothennal alterationof b iot i t i t e-rich rocks of the Basement complex.* 3

South A f r i c a . — T h e Transvaal Ore Co., Ltd., reported its 1955shipments of crude vermiculite ore from Palabora, northeasternTransvaal.** Thi s company purchased competi t ive propertie s in thePalabora d i s t r i c t , northeastern Transvaal , and was the sole exporter ofS o u t h A f r i c a n vermiculite ore. It reports over 6 mil l ion tons of hydro-p h l o g p p i t e vermiculite and a sub s t an t ia l ly larger tonnage of hydro-b i o t i t i c vermiculite indicated. None of the la t t e r was mined in 1955.Processing capacity was said to be 80,000 tons of crude annually.American Vermicu f i t e Corp. was the only representative of TransvaalOre Co., Ltd. , in the United S t a t e s and Canada.
TABIE 4.—Export* of crude rermiculite f r om Union of South Afr i ca , 1854-66 '

Country of destination
1054

Shorttons
V a l u e '

I S M

Short Value '

Untied Kingdom — — — — — — — — — — — — —United States. — — — — — — — — — — — — — — ,IMir. ...................................France. ..................................Canada. . . . ..... ——————— . —————
Nelhrrland*... ————————— — ....Australia!.... —— ......... _ ............Sweden. — . . . — — — — — — — — . — — — — — —Cuba... — ..... — — — — — — — — .........Rnodesla __ _ ___ ; ___ , ..........Morocco — — — — — — — — — ' — — — — — — — — -

Iraq — — — — — — — — — — — — — — — — — — — — —
French We«t Africa......... __ ..........Jersey-....................-...,....—...
Finland. ...................4...........
New Zeaiand.................. __ ......
Norway ..................................Arabia..... —— .................. — ......
Kenya........... _ ..... —— _ . .........

Total _________ -' ______

8, MSf.aa1.030t.2006.1604,8(182,401
«•»1,097

110J J 4101130
M
70

18010170110
U
48

101
44032

Total
t i l l , IM117,42088, 4S807,44370,811

48,02118.65910.15819, Ml
2.1072.1U0,813% 248
1,204
i,263
1.180\.m8,2172,076

874
100

1.823
704,828

Average
$18.0718.0017. M18.7110.47
18.0710,0017.8717.81
18.0830.0017.4217.20
22.80
18.04
17.11100018.0217.80
10.81
18.84
18.09
17.22

am10,0370,748*,M8,1082,028r«91,034•84180840804•282280107107181148IM130888880«7K»28S310U
44,740

Total
(217.414104,257103.86080,42149,080(4.12727,13917,1711X017«,oao4,703

}.%
^
i.K8,1074,8102,1301.7321,1271,1211.171012834184871159271

Average
( l & KU H18. JT• 18. 6J10.01law18.*17. M' 18.4318.20• 11.4710.2025.18. 10,1517.7117.00, 17.0410.0281.07. 17.071 10.0817. »10.0020. M10.88• W . o f l19.0710.04

: 18.89. 18.13
781,091 - i 17.80

> Source: Union of Booth A f r i c a Mines Department Quarterly Reports. .-.,..« Converted to United State* currency at the rate of 8A£ 1-V8&.SO (10S4); BAJt 1-U8J3.7809 (WS).
» Mining World , vol. 1 7 , No.«, March 1958, p . 7 1 . ' ' O ' *» Morel. 8. W., Blo t lUM In the Basement Complex of Southern Nyasatond: O«oL MagMlne'lffiWtordK n i t l a n d ) , ml. 02, No. 1, May-June 10M. pp. 241-264. . "f*^"* Sou th African Mining and engineering Journal, vol. 06, Part 1, No. 8244, Apr. 10 10U, p. MS. /,'''

,1 • - .W a t e r•.•..•»•,.
By Robert T. M a c M i l l a n

LTHOUGH estimated vater requirements ofreached a new high in 1855, the s u p p l y eituation'most areas by drought-breaking rains. Rnormal range for about 76 percent of the Nation and5 percent. Areas of deficiency were less than for4heand most drought areas had received some rainfall by.'year. • -.,-jj::, , - :• >•><. • ••>'> • • • ,. •TABIE L — P e r c e n t of aTerat> manual pr tdp iu t i on ,
State

Alabama..—....A r i z o n a — — — — .A r k a n s a s — — — .C a l i f o r n i a — — , .Colorado.......ConnecticutDelaware.Florida.........G e o r g i a — — — — —Idaho..... —--. ,..ji.i
I n d i a n a — — — — ; — — . — —

Maine .M a r y l a n d . — — — — — .M a s s a c h u s e t t s — X — .Michigan.............Minnesota....——-M i s s i s s i p p i — — — • - . -Missouri——..-..-—Montana——~..;.-.N e b r a s k a — — . . . — — .Nevada.-.-..-...——New Hampshire ...New Jer s ey—. . .N e w M e i f c o . — — — — —N e w Y o r k . . — — . — — —North O a r o U n i — — — — —N o r t h D a k o t a — — — — — —O h l o _ — — — — . . — — — *O k l a h o m a . . — — — — — — .Oregon...... ...i.......*Pennsylvania.........".
South Carolina.....—m..,._i5Bouth D a k o t a . . — — — — — — — . ' . •1\mn«M». ^ t _. ,Tezaa... ..................Utah ____i...__,<_Vermont —, ...._.-.»-Virginia . 1 . . ^ — — — — 2 .Washington. ;.j——,.AV-W e a t V f r g m l a . ™ . . , . ™ .Wlsoonala——i- l: . . . '—- . . .•.Wyoming——^.j . .—..^-.-
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V
.Vermiculi te <

By John W. HortweH * and Nan C Jensen * » ' ' -.4-
E R M I C U L I T E consumption in the United States droppeds l ight ly in 1960 due to lower industrial activity. Imports ofcrude vermiculite from the Union of South Afr i ca rose 6 percent.

TABLE If—Salient Termleul i t e production f U t i t t t e s ' ' '
(Thousand abort tons)

United States:Frodoetlon:OraddAmnge n]o« — — — — .per ton..EiMI«i*<1 ,ATence nlue..n....per ton..World: Production, crude.. .„..._ _ —

IK1-K(avtrcge)

X)l$13. Ml i sa$58.45MS

1BU

m"MS• " f f l

19KT

1Mf i t IB181$61. K«S

IMS

191t l l l SIKtaa.ilMt

1MB

* mt t l KUS•"£

WO

• • noma• , ui. WS•"- *9B. - ' • ,t.,..

D O M E S T I C P R O D U C T I O N
Grade Vermiculi te .—Three domestic producers of crude vennjculitereported production of 199,000 short tons in 1960, a drop of 4 percentfrom 1959. However, the value increased nearly 1 percent to$3,108,000. This reflected an average increase of 73 cents .per ton.Exfo l ia t ed Vermiculite.—Production of ex fo l iated venniculitejwas161,000 tons, a drop of about 2,000 short tons. The average value perton increased $5.54, resulting in an 8-percent gain in value to$10,302,000.Low-grade vermiculite deposits in central Texas were described.This material was not of commercial grade, but the reserve was largeand prospects for exploitation were considered good.* :, ,

» Commodity specialist, Division of Hlnenls.• Supervisory statistical s ml stunt. Division of Minerals. . .., ,• Cafabaogh, 8. K., and Barnes. V, E, Vermlcnll te In Central Texas I Texas Unlv, Bait**Econ. Qeol. K e p t , of Investigations No. 40.1BB9, (2 pp. 1189 .;
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i s—Screened end cleaned domestic crude Termlool l t e cold or used bjrpro f i t e e r s la the United S t a t e s
(Thousand abort tons and thousand dollars)

Tsar
Ma-« (mnce) — — — —im ..T....7,.'.,,1867............ ' . . . . . . .

Quantity
301in184

Value
. *..-wx«a

Y«ar
1938... 1.... ... . . .,1969... i _ . _____ ., _1903...—.. _ _...—!.-

Quantity
1011071W

Vatae
12.7281,082(.108

CASXJC t^-Xz<olUted Tennlevl i te sold or used by producer* la the United State s
(Thousand abort too* and thousand dollars)

i. .,. : T- i
• S S f ̂ "*i) ' ~ — - — ~ ~19S71968 ..____ . ._,.. ...19W ....... • ,_.... ....... ...".1WQ ....... . . . .

Operator!

. *
2038' se27

Plant*
K»K
61• 43«2

states
taK86

= ' £S3

Quantity
J KIM161109163161

Value
HO. 404nK«74a gin

a. 789n f i o i
10.802

• Data not aompf tod before 19S4.

C O N S U M P T I O N A N D U S E S
•;:' Th«( building plaster, lightweight concrete, loose-fil l insulation,
r'imd soil conditioning markets continued to use most of the e x f o l ia t ed-venniculite. , Miscellaneous uses included insulation for pipes, stoves,-refrigerators, and sa f e s ; seed propagation; and herbicide, fungicide,f e r t i f i j E e r , and f umigant carriers.

P R I C E S
E&MJ Metal and Mineral Markets quoted nominal yearend pricesfor crude vermiculite as f o l l o w s : Per short ton, f.o.b. mines, Mon-tana, $9.60 to $18 j South Africa. <U.f. Atlant i c ports, $24.75 to $88 JW.•" The average mine value of all domestic crude vermiculite sold oroaed in I960 was $15.62 per ton, compared with $14.89 in 1959, and' ••••• '. ••••The average value of all exfol iated vermiculite, f.o.b. processors'plants, was $68.23, compared with $62.69 in 1959. ;

' • ! F O R S G N T R A D E '
Crude vermiculite is imported into the United S t a t e s duty free.The Union of South A f r i c a continued to be v ir tual ly the only sourceof imports. The United State s received 20 percent of the SouthAfrican exports, the same as in 1959, but the quantity imported wasgreater by 669 tons. WORLD REVIEW
Canada.— Production of ex fo l ia t ed vermiculite was 344,000 cubicyards in 1959, a 13-percent increase over 1958. Five companies at11 locations e x f o l i a t e d the vermiculite imported from the Union ofSouth A f r i c a and the United States. Seventy-two percent of the

£
I13?'

ex fo l iated material was used as loose insulation, 20 percent in insu-lating plaster, 2 percent as an aggregate in concrete, and 6 percent inother products. 4

I A vermiculite deposit at Stanleyvil le , Ontario, was being developedjby Olympus Mines as an open pit operation. The deposit was re-ported to -contain 64 percent vermioulite, and the company planned,to build a mill to process 200 tons of ore a day.*• Import s f rom Union of South Afr i ca decreased 26 percent under1959 shipments. Most cnide vermiculite e x f o l ia t ed in Canada camefrom the Uni t ed Sta t e s .I n d i a . — T h e geology of a vermiculite deposit in Mysore State andthe theory concern ing its origin were published.*
TABLE 4 . — W o r l d production, o f Termlcnl i t e by e o u t r i e s ' '

(Snort tons)

$•

Country '

Australia ....... - ___ . .... __India _ ______________
Morocco »«. ... . ...Rnodesla and Nyasaland, Federation of:Southern R b o d o B l f l . ___________
Union of South Afri ca . . . .................United Arab Republic (Egyp t Region)...United States (sold or used by producers).

World total • •. . ......... — — — — —

1951-55(average)
«048385255
110

40,778176201,405
143,445

use
6141i 038""497
SOB

(8,717

353,800

1857

287
83147

460
42 610S3183,987

247. CBS

1058

101
f t j

280
§4,314S02190,404

MS, 808

1959

•185
A

112
SO125C2.S98331200, 479

259. 782

1960

H A S
17283

20•9,023•330U9,osa
208.873

i Vermiculite h produced In Bradl and TTJ9.B.B, bat data are not available, and no estimate! of theirproduction are I n c l u d e d In Ibe total.• Thb table Incorporata somo revisions.' E s t i m a t e .
Complied by Helen L. Bunt, Division of Foreign Activities.

I t a l y . — A large industry using vermiculite in various ways, partic-ularly as l i gh twe igh t aggregate and for thermal and acousticalinsulation, has d e v e l o p e d s i n c e World War IL* Impor t s of crudeore from the Union of South A f r i c a increased from about 2,000 shorttons in 1950 to over 8,000 tons in 1960.Morocco.—A vermiculite deposit near Tetuan in northern Moroccowas leased by the Moroccan-American Development Co. of Casa-blanca. T h i s company planned to mine and process the ore for«port.s

Pakistan.—A vcrmiculite deposit discovered in the Western Has KohRange south of Dalbandin in 1957 was reported to contain a largequantity of low-grade ore. The area was leased by a mining com-pany in 1960, and plans were made to develop the property."
• W l h i o n , H. 8.. L l r b t w e l r t t Argreeatea, 1950 (Pre l im.): Department of It tneaTech. Surreys. C a n a d i a n Miner. Ind. . Ottawa, Canada, Review 27. May 1900, 8 pp.• N o r t h e r n Miner ( T o r o n t o ) . Olympua P l a n n i n g V e r m l c n l l t e O u t p u t : Vol. 48, No.

ment of l l lnea and
Oct. fl, 1960, P. 13.• Murtby. Rama R. K., Occurrence of Vcrmiculite In ITyeore S t a t e : Tbe Quart. J o u r , ofthe Oeol. k i ln, and Met. 8oc. of I n d i a ( C a l c u t t a ) , vol. 82, No. 2, J u n e I960, pp. 87-«l.i r n . l j u . n d o n ) . M l n l n j i lUcel lan] ' \ Vol. 21̂ 5. No. 6888, Kov7«' M i n i n g J o u r n a l' M i n i n g j o u r n a l ixmoon), B l l n i n e M i s c e l l a n y : Vol. ZOO, No. 0080, NOT. ZO. 1080. p. «• M i n i n g W o r l d , I n t e r n a t i o n a l Newa, Morocco: Vol. 22. ko. 1. J a n u a r y 1S80. p. 78.• M i n i n g Journal ( L o n d o n I , Mineral Production of Pakistan: Vol. 254.Wo. •BOO, Mar.1080. p. 325.

.608.
.18.
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; Union of South Africa.—Transvaal Ore Company, Ltd., mmedl jprocessed 09 percent of the venniculite produced in ther_-———•~%* ~v £-»«•*»«• V4. UIO VWJ111CU11U - _ __ __South Africa. The deposit, 25 miles northeast of Mica in theeastern Transvaal, contains ore averaging 20 to 80 percent vermIn 1960 the monthly ore production was 60,000 tons, from6,000 tons of vermiculite was obtained. Only 64 percent vernwas recovered from the ore because of losses that occurred1

hand-sorting before milling.10 i ' i •
TABLE §v—Union of Booth Africa: Exports of erode TcralcoUte fcy

(Short toni)
Destination itsa

viutvu nimtci.........•onto America: Uruguay..Europe: *e~ i .***Tmi - ......

Bahrain '

Algeria .--,„.—•-.- - _—.ktalL R e p n b l l e o f . . . — — — — — . . . — — — —Bnodeala and Nyualand. Federation «f.._^•qf*« A o f t r a l l a _ _ _ _ -

iaora

KS1(7

027

MO

T o U I _ ™ _ _ _ _ _Total value •____. Amrage value—....

**

'i.

• Tbb table Incorporates lome revMon*.• OoOTMttd lo U A eumaey at the rate of 8A.T-VBG.70S3 (IBM) and 0M2.7971 (I8ao).
Botut»: Compiled from Outtomt Betonu of Union of South Africa by dona A. Barry. 1

T E C H N O L O G Y
A book published on the geology of industrial rocks andcontained information on venniculite. Data included deacriptllocation of occurrences, chemical and physical properties, produses, a n d 2 4 references.11 • ' "Mining and mil l ing of venniculite near Enoree, §. 0,Zonolite Co. were described." «

•MBA Consulate General. Johannwbnrg. Colon of Booth Africa. BUteWteh 186 i Dee. 80, I960, p. 1..»Bates. B. L.. Geoloey of Industrial Bocks and Minerals: Harper and
lV^9\J •

*r*Hf i t t
Tork. I960. pp. ,.,^.. . — — . . . —— _„__ -
Ho.$^h9&pp>W71."' 8pMklei to "«*«» «W"h»l *«* I^_T«l'

V E R M I C U L I T E 1193
Ause fvermiculi te has a high cation exchange capacity, the ionnge of radioactive wastes with this mineral was investigated.1*JT developments in venniculite and allied products of interest5 construction industry were discussed at the 10th annual meeting_» Vermiculi te Ins t i tu t e , held at Chandler, Ariz., in March I960.14

'new lightweight roof assembly consisting of a 2-inch slab ofgr j i i cuHte insulating concrete over a vented corrugated steel deck19 awarded a 2-hour f ire rating by the Underwriters' Laboratories.*-> underside of the steel deck was also f i r eproo f ed with % inch ofniculite acoustical plastic.1"efractory linings made from a mixture of vermiculite and cement9 designed by H. and E. Lintot t , Ltd-Horsham, Sussex, England.~ i l in ings have a high resistance to thermal shock and withstandratures up to 2,400° F.w

{fees of venniculite as an anti-spatter agent in welding operations.it lubricant, and in a l i qu id dispersion to prevent seizure of nuts andbaits used in high-pressure and temperature equipment, were•bribed."i packaging material using vermiculite was developed for sh ipp ingmine."he use of vermiculite as a f l a m e p r o o f material with high com-eive strength for f i l l i n g large roof cavities in coal mines was-ibed." .method of producing ex f o l ia t ed vermiculite with exact stand-and control was patented. The f r e sh ly e x f o l i a t ed material wasi from the kiln-discharge stream periodical ly to determine theit shrinkage and the furnace heat then a d j u s t e d as needed.*0

patent was similar to Canadian Patent No. 598.269, dated May_. I860. '&A lightweight packing and insulating material was made of ex-JBtittea vermiculite mixed with kaolin and waterglass and the mix-fain treated with a metal salt to form a'metal silicate.*1

*"f patented insulating compound for the metal parts of rockets ordies consisted of asbestos, e x f o l i a t e d vermiculite, a f ir e resistanttar vehicle, p lns t i c izer , pigment, and an aromatic solvent**. composition for pro t e c t ing buried p ip e l in e s was made by usingtures of granular petroleum asphal t s and aggregates such asi l iated vermiculite."
i i M r t n e p f e , Marian M.. Cation Bzchange W i t h Verml cn l l t e : GooL Surrey Bes. 1900.•L lurrey Prof. Paper 400-B, I960. p. B161.*atlnlac Record, Vermicu l i t e G r o u p T e l i a of Meeting: VoL Tl, No. 18, Apr. 21, I960,

*"' rate. Hew Ughtwelght-Boof System Barns Two-Hour Bating: VoL 88, No. 4,H), p, 87.i lcal Age (London! , V e r m l c u l l t e / C l m e n t F o n d n Befraetory Linings for Processi: Vol. 84. No. 2168, Dec. 24. I960. p. 1080.i tk A f r i c a n M i n i n g and Engineering Journal (Johannesburg), Fresh Uses for Ver-•: Vol. 71, No. 8523, Aug. 12. I960. D. 811.i «.t,av-ta« A U I U I I I K « U U — — - _ — — *...«_ V W W B . B M B I ,Vol. 71, No. 852S, Aug. l£ 1960, p. 811., — — l e a l Age ( L o n d o n ) , Vennicul i t e Packaging Kedncei Bromine Haiard s: VoL 83..tm. u«r. it. IOBO, p. 8io. /• Writ l i t , H_ V e r m i c u l i t e In Coal Mines: Iron and Coal Trades Bar. (London), vol. 181.,«WS. Inlj 18.1800, pp. 281-241. .
Bednces Bromine Hacarda: VoL 83.

r » n f i i i . n_ vermicul i t e in Coal 1I.4S02. July ». 1900. pp. 281-241. . . . - - - — .i t l ec ler, 0. B. (awiigned to K o n o l l t e Co., Chicago. U L ) , Production of B x f o l l a t e d Ver-CBtlte: 0.8. Patent 2.940.820, J u l y 19. 1960.• Ot««r, O, B r l t l f b Patent 783.828, May tS. 1960.•*•— 1, A. M. (aiwlgned to I d e a l Chemical Products. Inc. Cnlrer City. Cali f .). Flame-„———.. H l c b - H e a t I n f l a t i n g C o m p o H l t l o n : P.8. Patent 2.938.93T. May 81. 1960.^ . H O i e m s k l , T . C., and F o r d , K. D. f a i u l g n e d to A t l a n t i c BeBnlnir Co., P h i l a d e l p h i a , Pa.).i l t l o a for Protecting M e t a l l i c Struc ture s: U.8. Patent 2.938,412, Mar. 6. 1960.
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,,An aephaltic coating, composition for „ ,,tc«4 ties, imd other expof ied wood articles from fire and weather ,waspatented. The composition1 contained 6 to 15 percent exfol iatedvermiculite and other minerals and compounds.** f ;•A fire-resistant and heat-insulating material was produced! bymixing exfo l iated vermiculite with sodium or potassium silicate inan aqueous solution, forming into the required shape, and exposingthe ehApe to an atmosphere of carbon dioxide.*5 :1^' patented fire-retardant composition was made from f a t t y acideoap, gilsonite, and a f i n e l y divided mineral f i l l e r euch as talc w i t h f i x -f o l ia t ed vermiculite." • '•••• ., ^'.'A patent, was granted for making wood fiber base acoustical tile orfiberboard, using ex fo l ia t ed vermiculite and swelling bentonite."An acoustical plaster composed of calcined gypsum, ex fo l ia t edvermiculite or other suitable medium, and an air-entraining agent waspatented.** <:

( »A method was patented for mai inf f clay brick or other structuralunite having controlled bulk density by using e x f o l i a t ed vermiculiteor similar material.**A process was patented in Great Britain for making waterproofconcrete using ex fo l ia t ed vermiculite as an aggregate.*0 ' -Another British patent was granted for the use of ex fo l ia t edvermiculite to make lightweight concrete for h o l d i n g rigid the in-duction coil in an induction melting furnace.*1

An oil well dr i l l ing mud composition made of magnetite and crudeor ex fo l ia t ed vermiculite was patented.*2 .i A friction belt with a f l e x i b l e adhesive backing coated withex fo l iated vermiculite was patented.*1 The belt was used to a p p l y aglossy f in i sh to wall panels, f l u s h doors, and other surfaces.A patent described the use of ex fo l ia t ed vermiculite as an absorbentfor liquid fert i l izers . A f t e r drying, the vermiculite is used as an aidfor growing plants.** ; : M :. I n s e c t i c i d e compositions were made by absorbing patented insecti-cides onto ex f o l ia t ed vermiculite or like material.*8 ••

«09 «OonKoT

* * * * • { C\*" t"«r'

. ' 1 * 9 0 0 * ° ^ *° Dteonton' Ui- Uwpool. England). CnnadlaB Patrat
- ' f * ' t a F J ! ! ? l | ! I W * t o K " ° - A"«ewon). Plre Retardant C o m p o d t U nineral F i l l e r , and F a t t r Add Soap : O.S. Patent 2.940,942. Jane 14.

nf' »•>• Assigned to Minnesota end Ontario Paper Co.. Mln-A« * , iwo Fiberboard and Method of Manufac tur e :IJ.B. Pattnt
• S u e e f t L flJ, Acou i t ln l Composition t U.8. Patent 2,921,802. Jan. 19. I960. '•?f b t fS B i»^ C ^ <«"? 1«"'* to Zono t l t e Ce^ Bfanston. i l l .). Strnetural C t a j r Prodnetaa* M'thjid at tttUot the Same: O.S. Patent 2.B22.719. Jan. 26. 1960. ^^T>.T.W.'^tr,C- .u; ' S i " 1 ? " " t o Council for S d e a t f f l c and Indu s t r ia l Beaeareb). Brttlihratcnl 842.B92, J u l j 27. I960.« 8«jr*worta. B. eX. British Patent 827.«05. Feb. 10. I960.• I Thompson. J. V. ( m w l f n r d to s e l f and A l f r e d G. Hoyl. In p a r t n e r s h i p ) . Well DrOHacMad and Method «f Usk lna- the f l a n e : O.S. Patent t.944.019. 7nli B. I960. ^^^"Dlmond. U K. (awlxned to General Plrvood Corp., Lonlnl l l e . K>.), H i g h Speed F«le-Uooal O l o w t f r l n f f M e d i u m : D.B. Patent 9,949.«28. An£ 28. 1960. .« K e l l e / . J. A, and Rldcewa*. J. L.I assigned to Zonolite Co^ Chlcaro, III.). Method (or?93l"l! V t^BCO *" tm <* r* n o U l O DJf «n<1 C o i d l t l o n l n c S o f l d s : U.S. PaUnt
" Trademan.' L., M o l l n a , II. A-. and W I U s , L. P. (BMlgBed to Velslcol Chemical Corp-CUctto. III.), t eaee t l e tde F o r m u l a t l o n a and Methods «f Making Same: U.S. Patent
ZlcEler. O . ' i . . and Fotaeh, L. P. (anfened to Zonollte Co, Chicago. HI.). PeattcMalComposition t OJB. Patent 2,928.658. Feb. 2. 1»60.

VERMICOL1TE 1195
The use of e x f o l ia t ed VennicuKte as a soil fumigant carrier waspatented." 'A cigarette f i l t e r was patented consisting of exfol iated vermiculiteand tobacco.*1

A method was patented for making a vitreous refractory containingvermiculite or mica.*9

,v Other United States and foreign patents were issued during theI'year on processes or products containing ex fo l ia t ed vermiculite.T These patents included: F i l l e r in natural or synthetic rubber;•» f i l l e r| for ceramic material ;*° insulating refractory;" roofing f e l t ; 4 1 fiber-" board construction; ** and lightweight aggregate.44

1 " H a m m e r , O. H. (assigned to Dow Chemical Co.), Canadian Patent 601,798, J u l j 19.
I " North , O.S.. Smoking Tobacco Products: 0.8. Patent 2,935,060. Oct. 4, 1960."Grim R. B. (assigned to Mineral and Chemical s Corp. of America. Menlo Park. K.J.),ritreons Refractory Composi t ion and Method for Making Same: DJB. Patent 2,945,768.

h. " H a u j e r . B'. A. (ass igned to N a t i o n a l Lead Co™ New T o r t ) , day Complexes W i t h Con-'•A Ho iB(?( " A 1 ' P h a t l c Compounds <Jf Four or Five Atoms: (US. Patent 2,951,097,
» W e s ' s e l . H' B r l t l H h Patent 836.428. J a n e 1,1960.• B?In5B^0*' H- (""Isned to Wm. H. Barnett In T r u s t ) , Canadian Patent 068.901.

" " C s n i p b e l l . ' C . H, British Patent 881.622.l0ct. 19. 1960.H.'ir t'.f C7 *Dd Lanr'ng. B. A. (assigned to Minnesota A Ontario Paper Co., Mln-•e spo l l s , Mlnn.). Fliwured Coated Fiberboard and Method of M a n u f a c t u r e : 0.8. Patent*>iV4T|o47a AUK* itt 1 vGO* 't3226$l°A' J-(|
n;lB

<
0

ll"sl<;nel1 *° B''tl»B Plaster Board H o l d i n g s , L t d . ) , British Patent



^̂ ,̂1* teat fa-released on the admission oflocygen to produce ft self-maintaining burn-
^^?-jnatenf-!Vm8 issued for ft s emikf l l ed•]d£b-*cren£th,' low-alloy steel, sold under^ • t t e ^ t r a H c ' n a m e of "V Steels," containing'fcisDtiaKf 0.02 to 0.20 percent vanadium,•tttOOS tj»:j0.024 percent nitrogen, 0.60 to"" . p e r c e n t ' m a n g a n r t e . 0.12 to 0.30 per-eirbon, and the remainder iron.11

h e r ' - p a t e n t covered a process for re-vanadlferoui deposits from boiler

K t r N E X A U YEARBOOK, !•<( /
investigated lie e f f e c t s of nitrogenon low-temperature embrittle-:tnoot ttC;inigh-purity ' v a n a d i u m . 1 ' 'in the temperature'1,050' c, studies of the

fhOWcd that

tubes by alternately spraying with an aque-ous hrdrogen peroxide solution and con-tacting with ft high-velocity jet of water.1*;Patents were issued for ft number of cata-. lysts and vanadium extractive processes. '
"Ikorapwm, B. W» «nd O. K. Cartaon. E f f M tOf Nttnwcn ud Cu-bon on the Lov-TanMzatni*Bmtrittlement of Vuudlum. i. Leu-CommonHeUb (Amitcrdun. KetherUnd*). T. *. No. f.November IMS, pp. (S4-881.
"Price. W. E, and J. Strlnjrer . TU Oild»-t f o a of Vuiadiam «t Hieh Temperatures J.l^MVanmnn Hetab (Amiterdam. Nether-huuta). v. S. No. S. Jlarek 1»65. pp. 1CS-185.
<«IlcUor. Coarse FM J o M p h D. Dennbon. It,and Bernard jr. Flacher (aulcned to BethlehemSteel Corp.). Vanadium Nitrogen Steel. U.S.rat. 8.178,782. Har. 1C, 1>65.
"Bewell. Biehard B E.. aad Jame* B. Brown(uelcned to Her I l a j e e t r the Queen In the rightof Cauda). Prooeai for Bemoral of VanadiumDepnita. UJ. Pat. 8.178,874, liar. 1C, 116S. .

f c l

Vermiculite
By Timothy C. M a y 1

i Production of crude venniculite in theUnited Sate* during 1965 was 10 percenthigher than in 1964. and value increased<3 percent. The quantity and value of ex-

f o l i a t e d vermiculite cold or used by pro-ducers was approximately the same at In1964.

Table 1^-Vennlcullte production statistics
use-to MSI(••range) 1*62 U68 It64 1*65

United States:Production:Crude______thouandeborttoni.. 195 S06 COS S26 S26 M9Vatoe__......thoiuuddonan.. {2.81* f S , * S O «3.»S S S . C 7 Z f S . « l » f«.*60A*erace valve per loo............ $14.43 816.86 |1«.06 $15.81 $15.»9 $17.tlExfoliated---..-.Uiou.»ndebortU>n»-. 1RS 1S1 1S2 172 177 177Value..........tboiuand dollars.. 89,868 $10,787 $11,162 818.877 $18,862 $18,424A«rare value per ton............. $58.18 $71.44 $74.87 $80.«8 S78.(2 $74.84World: Production crude. .thoiuand abort tona.. tSS S8S S9S (28 *43 182

D O M E S T I C P R O D U C T I O N
Grade Venntadke.—Three companies intwo Stat e s reported production in 1965. W.

R. Grace fc Co.. Zonolite Division, withoperations in Lincoln County, Mont., andLaurens County, S.C, was the principalproducer. American Venniculi te Co., andPatterson Vermiculite Co., Laurens County,S.C, also were producers.
Exfol iated VermkoBte,—Twenty-four com-

panies with 51 plants , 2 less each thanbit year, in S3 Sta t e s ex fo l ia t ed vermiculitein 1965. California and Flor ida had f o u r

plants each; Ill inoi s , Minnesota. SouthCarolina, and Texas, three plants each;Missouri, New Jersey, Oregon, and Penn-sylvania, two p lan t s each; Alabama, Ari-zona, Arkansas, Colorado, Georgia, Hawaii.Kansas, Kentucky, Louisiana, Maryland,Massachusetts. Michigan. Montana. Nebras-ka, New Mexico. New York. North Caro-lina. North Dakota. Ohio. Oklahoma,Utah, Washington, and Wisconsin, onep lan t each. W. R. Grace t Co, ZonoliteDivision, had 19 plants in 16 Stat e s andwas by far the largest producer.

C O N S U M P T I O N A N D U S E S
Producers of e x f o l ia t ed vermiculite re- covering, packing) SI percent; agricultureported the f o l l o w i n g end-use percentages: (horticulture, soil conditioning, fert i l izerAggregates (concrete, plas ter, cement) 48 /carrier, l i t t e r ) 14 percent; and miscella-percent; insulation (loose fill, block, p i p e / ' neous, 7 percent

The average value of crude, screened,and cleaned vermiculite at the mine in1965 was $17.91 per short ton. The average

P R I C E S
value of the e x f o l i a t e d product fx>.b. pro-

i Commodity ipedalbt. Division of Mineral*.
M2-
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•^peeks' plant was 175.84 per ton. Over a
7pe^l;«f 10. jreais, J956-65. the price of

j^tudc' f c p n f c n l i t e Increased S5 percent, and
' i>1' " of ex fo l ia ted vermiculite rose 20

EfcMj Metal and Mineral Markets quot-ed nominal yearend prices for crude vermic-ulite as fo l lows: Per short ton, f.o.b.mines. Montana and South Carolina, f 11.50to,*24; and South Africa, ci.t A t l a n t k
ports, $29.55 to $40.15.

WORLD REVIEW
the crude vennlculUe exfo-_^__ was imported bom the United Stat e stwdi *he Republic of South Africa. In 1964,WV»0 table yards of ex fo l ia t ed vermicu-; i i f i$Ta!ued at |2.4 million, was produced.-Five" companies ex fo l ia ted vermiculite atthe *10 f o l l o w i n g locations in 1964: BritishXMumbia-Vancouver (two); Alberta-Cal-Saikatchewan-Regina; Manitoba-cg and St. Boniface; Ontario-Tor-and St. Thomas; and Quebcc-Lachine?ina;iiontreal. Loose insulation consumed

"^tt Vj> ^M-I •.. t Af «§IA « u * S > K B l t > « nl •*•*«•• •**rf*mil*»f-4v1t of the ou tpu t; plaster accounted
;12 percent; insulating concrete 6 per-iti'.il percent was used for under-p i p e ' i n s u l a t i o n , and for agricul-

Exfo l ia t ed vcrmkulite is marketed inof f and 4 cubic fee t and sold at 25JO cents per cubic foot.*~ ' W a s reported that Olympus Mines b e -

gan operation of the f i r s t large-scale con-.centrator to treat Canadian mined vermic-u l l t e ore. The plant was at S t a n l e y v i l l e , 10miles touthwest of Perth, Ontario. Thecompleted p lan t was designed to produce500 tons per day.*
Sooth Africa, Republic o f . — P r o d u c t i o n of

crude vermiculite in 1965 was IS percenthigher than in 1964. Vermiculite was pro-duced by the Transvaal Ore Co., Ltd., atPhalaborwa. For the f i r s t time, informationwas not available on exports of crude ver-miculite by destination. Total exports were2 percent lower in volume than in 1964and 8 percent lower in value.
•WlUon. 8. B. Lightweight Aggregates. US*.Dept. Mine* end Tech. Survey*. Ottawa, Canada.A p r i l 1966. < pp.' C a n a d i a n Mining Journal (Quebec). Cana-dian DeretopmenU. V. 86. No. 6, J u n e 196S,p. 19.

T f j j b t a '
Tabl e 2 .—Free world production o f vermiculite b y countries ' • *

(Short ton*)
Country' U61 1862 1968 1984 1968 »•

*axawt/. ,1; ' 8 , 9 1 9•97 •8,064 ' 4 . 0 8 1 -4.100746 • 478 806101 • 87 2498.768 111,872 126,911
S.962•4772271,118 86.68466 66167 72 ~80 144 10886 818 S3 469 689206.637 205.747 226.278 226.299 149.862

t o t a l ' *_______________ ' 2 8 2 , 8 6 8 ' 2 9 5 , 1 8 2 ' 8 2 9 , 0 1 0 ' 8 4 3 , 8 1 6 881.940
Republic ( E f T p t ) • - - — — ./ f r o l d o r •aed by predueera

/Ertfanat*. »Preliminary. ' Revised.» VermlcuUU b produced In Bnxll. but data are act available, and BO estimate of production I* Included IB
-• ' I n r l u 4 n mfca.1» CompIUd matOj from data araDable J m l y 1966.

T E C H N O L O G Y
^ aUsearch headed the program of thek 24th annual meeting of the Vermicul i te In-, s t i tute of Chicago held at Point Clear,Ala, April 24 to 29.1965. Papers presentedIncluded one on the development of Cor-nel Mix, a synthetic soil in which vermicu-lite fa a major ingredient. The mix is used' commercially as a medium for germinating<•- and growing vegetable and Bower crops.*

A micaceous vein in close associationwith a massive chromlte depos i t in theTwin Sister s Mountains, Wash, was foundto be composed exclusively of vermiculite.The geologic se t t ing, physical properties,chemical data, d i f f e r e n t i a l thermal analysis.
•Pit and Quarry. Venntcul l t e Inst i tute Con-vention Slreuea Expanding Marketa. V. (7.w~ i» ?..— i«« ,— ««• «~>
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Table 3.—Repnblic of South Africa: Exports of cmde vennlcnlite by countries(Short (on)
Dot] nation 1968 1*64 1966

AnttraHa ,Belgium.. —— .̂.......................

Sermany. West. — u ——————————— .Uly...:........-...— ...............feiia;:::::::::::::::::::::::::::
f e l t e d Kingdom ____ • .................Jutted Statei... — .. — .... _ . .......Other eountrha.. ......................

......... ——— .. 2.081 '*B4889818, ' 4 1 8J C A O

................ 1 .721§24•347.... — ...... — ,868................ 688•a j i n j t
14 837.... ———————— 8.908

2 9821*4422,87986610,8439.92218.2891.6871 127S.287f t S t TSi 60218,4172.674

MA

T o t a l . . — — — — — . — — — . . — — . —...... —........ ' 80,787 107.864 106.947T o U l value....................................... f l , 7 2 8 865 82.026.972 81.964,885Average v a l u e — — . — — — . — — — — — — — . — — — — — — 818.98 J18.79 118.64
NA Not available. ' currtncy •* th« •»*• of •»• r»nd eqnab USJ1.8848 (1988) US$1.8909 (1964).

. -' ^^y Informat ion Circular on Uinerab for the Republic of South Afr i ca and the Territory ofooutn-Wevt Africa.

X-ray d i f f r a c t i o n analysis, and proposedgenesis of the Twin Sis t e r s vermiculitewere discussed.*
The advantages of using vermiculite inconcrete mix was mentioned. Requirementsfor the components, proportioning, and in-s ta l la t ion of poured-in-place vermiculiteconcrete for rood and slabs-on-grade, asthey appear in a new American Standard,are described.*
Vermiculi te concrete was used as a cush-ioning material in a setup, used for dy-

namic t e s t ing of composite members. Thecushioning material was used between thef o i l i n g mass and the specimen to shape theload pul s e transmit t ed to the specimen. Aschematic diagram i l l u s t r a t e s the beam set-up for dynamic loads.'
The in su la t ing properties of vermiculite.particularly as appl i ed to the insulation ofIndus t r ia l chimneys, was covered in a re-lease published by Mandoval Ltd, London,under the management of Rio T l n t o - Z i n cGroup and distributors of crude vermicu-lite. Technical and spe c i f i ca t i on d e t a i l s , aswell as sectional drawings i l lu s t ra t e howvermiculi te is used.* /
The surface morphology of v ermi c t r f f t e sbom several sources was studied by elec-tron microscopy. Unl ike the smooth sur-faces of micas, the vermiculite surfacesshow micromorphological s tructural varia-tions, such as small humps, prominent. c ry s ta l l ograph i c steps on the basal cleavageplanes, marginal ro l l ing of the layers, and

Results on fusion studies of the mineralvermiculite, the leaching characteristics ofthe fused mass, and the volume reductionratios are given. The f i x a t i o n of spent ver-, miculite, incinerator ashes, and chemicals ludges in vitreous matrices was described.. The apparatus for studying volatili sationi loss was included.io
A patent was issued for the use of exfo-liated vermiculite in the coating of the ex-posed surface of bituminous roof ing andsiding material."
A patent was granted for the productionof a f l owabl e , fire-retardant compositionthat Include s e x f o l i a t e d vermiculite as one, of the materials. The composition is used

•GaudeUe. Henri. Macnealmn Vermlen l l t eI From the Twin Slater* Mountain*. Washington.The Am. Miner, v. 49. Noa. 11 and IS.November-December 1964. pp. 1714-1763.<! • Barren. L. A. Up-to-the t t l n n t e Require-ment* for Vermiculite Concrete. Mar. ofStandards, v. 86. No. 7. J u l y 196S. pp. 208-211.1 Perry. E. 8. S i m p l e S e t u p for A p p l y i n g Im-pact Loadg. Hat. and Res. Standard!, v. 6. No.10, October 1966. pp. 816-616.•Chemical A«e ( L o n d o n ) . Verml eu l l t e forInsulation of Industrial Chlmneya. V. 98. No.2884. Mar. 20, 1966. p. 462.• Hainan. K. V, and M. L. Jaekaon. Vermlc-nllte Surface Morphology. Claya and ClayMineral!, Proc. 12th Nat. C o n f , Clay* and ClayMinerals. 1968. pp. 428-429: The MacMIIIan Co,New York 1964.•RastoEl. R. C, J. D. Bengal, and K. T.Thomu. Inves t iga t ion of Material! and Method!for Fixation of Low and Medium Level Radio-active Wait* In Stable S o l i d Media. NuclearSei. Aba, v. 19. No. 18. Aug. 81. 1966. Ab>.
" K l l m b o f f . M. (assigned to F l t n t k o t e Co.).Bltnmlnoua Roof ing and S i d i n g Material Coatedwith Rv?«ll«t«M* v*^«I—ii* . « « »* • - ——• -*-
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In the manufac ture of extra thick shingleson a conventional asphalt roofing ma-chine."
British patents were issued for the f o l -lowing: A method of making precast l ight-weight insulating composite structuralblock* is and a composition consisting ofexfol iated venniculite, expanded pcrlitc, orother low-density silicate which has beentreated with a f a t t y acid, for use in pro-tecting and insulating underground pipes."
A French patent was issued on a methodfor using venniculite in the casting ingotsof high-melting metals. The vermiculite isintroduced into the mold, and the molten

metal to then poured around the vermicu-l i t e particles."
A German patent was granted for amethod that removes oil, benzene, or otherliquid hydrocarbon from water. The con-taminated water is passed through a con-tainer that is loosely f i l l e d with ex fo l ia t edvenniculite or expanded perltte.i*
•Walker. R. T> and C. C. Bchueti (anlcnedto UJS. Cypram Co.). Fir* Retbtant A i p h a l tOoatinc Competition and Shint f* . V£. Pat.S.1S0.7M. Apr. XT. 19(5.» Hcwitt. F. (assigned to F. A D. M. Hewlt t .Ltd.). Britlah Pat. 99«,*0(. Jam Z. U S E .M Frar. I* (aalroed to Protoralata Ltd.).BrltUh Pat. 197.795. J u l y 7. 19(5.» Franeh Pat. 1.1(5.241. Kay 19. 1964."German Pat. 1.U7.Z78. Apr. I, 19(4.

Water
B j r W f f l l a m H . Kerns*

'Water s u p p l y and demand problems re-ceived increased domestic and worldwideattention in 1965 from the U. S. and othercountry governments. Federal and S t a t eagenda, industries, associations, and indi-viduals. A l t h o u g h the world as a whole ishi no danger of running short of water,it face* the problems of f i n d i n g or pro-ducing and delivering water to the place,at the time, in the quali ty and quantityrequired, and at the price man is wil l ingand able to pay.
Expanding populat ion with attendant in-creased food and other material require-ments and growing industrialization haveincreased fresh-water demands at an aston-ishing rate. Ironi ca l ly , the popu la t i on ex-plosion and rapid industrial developmenthave been the sources of greater amountsof wastes being generated and dischargedeach year. These wastes have increasedpol lu t ion and contamination of the waters u p p l y , thereby reducing the s u p p l y ofusable water. Many rivers and streamsthat for countless decades were capable ofdraining off waste product s can no longercarry the increased waste load and s t i l lremain suitable for human and industrialuse.

Possible solutions to the water s u p p l yproblems in the United S t a t e s include de-veloping new sources of water by t a p p i n gthe oceans and other natural brines andthe ikies (de sa l inat ing sea and brackishwater and by seeding clouds, re spec t ive ly),regu la t ing and redi s tr ibut ing our stream-f l o w to a greater extent, in t en s i fy ing pol-lution control, and other equally costlymeasures. ' t,
Legislation and G o v e r n m e n t ' " P r o g r a m s . —The VS. Congress enacted several majorprograms to combat water p o l l u t i o n , set upa F e d e r a l - S t a t e coordinated program forcomprehensive water resources p l a n n i n gand development, and established a coop-

erative Federal-State water resources isearch and training program. These FedetActs included: <
I. The Water Quality Act of 196signed into law by President Johiuon «October 2. established the Federal WatPollution Control Adminis trat ion to cois o l lda t e enforcement, research, and graiprograms for pol lut ion control. The Aset up standards of water quali ty on intestate streams and gave Stat e s until J u l y1967, to develop sat i s fac tory work-qualiicriteria. If the S t a t e s have not establish^acceptable quality criteria by this date, tliFederal Government will enforce its owstandards. The Act raised the limit <

Public Law 660 grants for sewage treaimeat p lant construction from $600,000 t$12 million for each project and enlargethe budget for such grants from $100 I$150 million per year for 2 years. In addilion, the Act authorized $20 million peyear for 4 years to subsidize studies amdemonstrations of storm and aanitarsewer separation.
2. The Water Resources Planning Acof 1965, recommended by the Senate Select Committee on National Water Resources in 1961. was signed into law J u l ;22. 1965. The Act provided for the mean:of f u l l collaboration between Stat e s antthe. Federal Government in corapreheramplanning for the best use of our wateiand related land resources. The Act estab-lished a Water Resources Coundl and pro-vided for the formation of river basin com-missions and for financial assistance to' theSta t e s for coordinated planning of watei

and resources development and use. Mem-bers of the Council, appointed by thePresident, are the Secretaries of Agricul-ture; the Army; Interior; H e a l t h , Educa-tion and W e l f a r e ; and the Chairman ofthe Federal Power Commission. Secretary
> Commodity apedalbt. DtvUion of Hlnerab.



Vermiculite
By Will iam N. H a l e *

Production of crude vennlcuUtc in theUnited Stat e s during 1969 was 7 percenthigher than in 1968 and value Increased 20percent Output of e x f o l ia t ed vermiculiteincreased 17 percent, and the value rose IB

percent. The average unit value of erodevermiculite increased 12 percent or f 2 J 5per ton. and the average unit value ofex fo l ia t ed vermiculite increased 1 percentor 10.58 per ton.

D O M E S T I C P R O D U C T I O N
Crude Vennlcul i t e .—Output increased 7percent over that of 1968 to 810.000 tonsvalued at $8.8 million. Five companiesoperating eight mines in f our S t a t e s pro-duced the entire domestic output. Princi-pal production came from W. R. Grace ItCo., Zonol l t e Division operations in Lin-coln County, Mont., and Laurens County.S.C. Other producers were S o l o m o n ' s Mines,Inc, from an operation in MaricopaCounty, Ark.; American Vermiculite Co.and Patterson Vermiculite Co.. from opera-tions in Laurens County, S.C.; and Lan-mont. Inc., from a property in LlanoCounty. Tex.Exfo l ia t ed Vennlcul i t e .—Product ion ofe x f o l i a t ed material increased 17 percent inquantity and 18 percent in value over 1968totals. Twenty-seven firms operating 53plants in 33 States ex fo l ia ted 249,519 tons

o f Vennlculite. W. R. Grace f c Co.. Zor' 'ite Division, the largest producer, open22 p l a n t s in 80 State s . Over 51 perceir
the e x f o l i a t ed vermiculite output a.from operations in six States. Themajor producing Stat e s in order of outp •:and the respective number of plant s '*:each S t a t e were: Cal i f ornia (3), SouthCarolina ( 2 ) , Texas ( 4 ) , Florida (5). NewJersey (3). Illinois (3). Other productioncame from Minnesota, three plants; Ari-zona, Louisiana, North Carolina, Oregon,Pennsylvania, two p lant s each; and Arkan-sas, Colorado, Georgia, Hawaii, Kentucky,Maryland. Massachusetts, Michigan, Mis-souri. Montana, Nebraska, New Mexico,New York. North Dakota. Ohio. Okla-homa, Tennessee, Utah, Washington, Wis-consin, one plant each.

Tabl e l.-Sallent vermiculite statistics
U8S 1989 1967 1*98

United Statea:Sold and uud by produoentCrude ... — .. ——— thouaand abort tona.. S49Vahw..... ——— ..thouaand doUan.. $4.460Average value pw ton..... — — — — — — f i t . 91Exfo l ia t ed _ .. — ..thouaand abort tou.. ITTValue ..... . ....... thouaand dollara.. I1S.424
World: Production, crude.... thouaand abort tona.. ago

882
l i s ' l i198(16.180tri asiaz

tss$ 4 , » T 4$19.51iao(14.Z7& !$7«.328T1

*;••
•'if*»•§ .-'H *«(;iii

C O N S U M P T I O N A N D U S E S
Exfo l ia t ed v cnnf cuHte producersreported the f o l l o w i n g end-use percentagesfor 1969: aggregates (concrete, plas ter,cement). 44 percent; insulation (loose f i l l .

block, pipe covering, packing). 34 percent;agriculture (horticulture, soil conditioning,
' G c o t o f f U t , Albany Ulnenl S u p p l y Fie ld Off i ce .Albany. Ores.
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fert i l izer carrier, l i t t e r ) , 15 percent; andmiscellaneous uses (largely as a f i r e b a s e ) , 7percent. The end-use pattern of ex fo l ia t edvermicullte sh i f t ed s l i g h t l y , increasing 4
percent in aggregates and 3 percent in mis-cellaneous uses; it dropped 6 percent ininsulation and 1 percent in agriculture.

P R I C E S
The average unit value of crude vermi-culite, benef idated at the mine, was 121.95per short ton, compared with |19.60 in1968. The average unit value of e x f o l ia t edvermiculite was f79.66 per abort ton, f.o.b.p r o d u c e r ' s p lant , compared with {79X18 in1968. During the year, the market prices

quoted by Engineering and Mining Jour-nal for crude vermiculite from Montanaand South Carolina ranged from $18 to|35 per ton, tab. mine. Crude vermiculitefrom the Republic of South A f r i c a rangedfrom'j29J>5 to |40.15 per ton, cJX Atlan-tic ports.

F O R E I G N T R A D E
Imports of crude vermiculite from theRepublic of South Afr i ca in 1968 declinedto 10.576 tons from the 15,963-ton total in

1967. Crude vermiculite was imported dutyfree into the United States .

WORLD R E V I E W
Canada.—Crude vermiculite importedfrom the United S t a t e s and the Republicof S o u t h A f r i c a was e x f o l i a t e d in C a n a t l H .Six companies e x f o l i a t e d 832,319 cubicyards of vermiculite at the f o l l o w i n g 10operations in 1968: Calgary and Edmonton.

Alberta; Vancouver, British Columbia (twop l a n t s ) ; St. Boniface and Winnepeg. Mani-toba; St. Thomas, Ontario; Lachine and
Montreal. Quebec; and Regina, Saskatche-
wan. The f o l l o w i n g end-use percentageswere reported by e x f o l i a t e d v c r m l c u l l i cproducers in 1968: loose fill insulation, 75
percent; p la s t er aggregate, I I percent;I n s u l a t i n g concrete, 8 percent; and miscel-
laneous uses, largely for f i r e p r o o f i i i g . 6 per-
cent. T h e e x f o l i a t e d v c r i n l c u l l l r , i t i H i - k c t t i l
in bug* h o l d i n g 9 or 4 cubic f e e t , was sold

at prices ranging from C a n f O J O to $0.40per cubic foot.*
South A f r i c a , Republic o f . — C r u d e vermi-cu l i t e product ion was 17 percent higher
than in 1968. Tota l exports Increased 9percent over the 1968 tonnage, and valueincreased 14 percent. The average unitvalue of crude vermiculite exported fromSouth A f r i c a increased $0.87 per ton. Pala>bora Mining Co., Ltd., Vermlcul i le Divi-sion, the only producer in South Afr i ca ,planned to expand its open-pit miningand mi l l ing operation in the northernTransvaal, and was determining the feasi-b i l i t y of recovering vermiculite from

pyroxenite and serpentine by wct-proceumethods.
* W l b u i i , ilY 8. M g l i c w e l v h l Anrmtn. KM.t'Mtitl* Itr ir t . of V.nctir, M l i t r t , •niT Reuurcei,Ottawa. June 190V. 4 pp.

Table l-free world production of vermiculite, by countries
(Short ton.)

Country
Argentina... — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —
Brazil. — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — .........India __ .. ——— . — — — — — — — . — . —— _ .... .................
Sout^Africa, Republic of. —— ?..:'. .......... . ....... ..... — „ ...Tanaanla _ .......... — .... ——— ..... — ............ ..........United Ste t e e^o ld or used by produeera)... ——————— . — — — — — ..

T o t a l " _ ................................................
• Estimate. » Preliminary. ' R e v l e e d . NA Not available.' Totala are of listed figure* only.

1967
8,201240849277111.886100

•870,785

1968
2.6472.7242.688808121.453

419,167

1969 »
NA• 4.6806.71S866141.963140

462,768

Tabl e S.—Repub l i c of South Africa: Exports of crude vermiculite by countrja
(Short tou) ->/'

Deitlnatlon
Australia.. _ .. — __ — .... — _ ...... —

Italy!!.::.............-....................-.
Spain.. — — — — — — — . — — — — — — — — — — — — — — — .Sweden
United States.. ——————— . — — — — .... —— . . .Other countriea. ..... . —— . — — — — — ... — ....

Total.... ___ — ___ .- ___ .. _ ..Total value >Avenge value.... — — — — — — — — — . — — — — — — —

. 1*67

— — — — — — 1

>1.- __ ....
.. _____ 10... — — — — $1.98.......... t

.ess|SS4.418.296.088.995.744.942.340).2141,8631.903
5,620).05518.76

1968 1968"
I

1!*4
|

X1<

1.9S8..360.8991.068> 1641.647283;.*02,684.7466761.866

N i

> 106.062 1U,(84•12,119.344 H,40»,«»l•fli.98 (20.30
> Rovlwd. NA Not available.i Converted to U.S. currency at the rate of 1 nod equata |1.*98 (1*67), and |1.40 (1968. 1969).

T E C H N O L O G Y
Properties of regulated-set cement, devel-oped by the Portland Cement Association,were described at the V e r m i c u l i t e I n s t i t u t e28th Annual Meeting, held at Point Clear,Ala.* The cement el iminates marginalweather problems sometimes encounteredin p l a c i n g vermicul i te concrete roof decks.An electron-microscopy s t u d y of vcrmicu-l l t e clays was undertaken to ascertain

whether variations in mode of f o r m a t i o nand in chemical composition a f f e c t e d the
shape of the particles.*Gold F i e l d Laboratories, Mining Divi-sion, hi collaboration with Palabora
Mining Co., Ltd., developed for use inmines, a p l a s t e r of e x f o l i a t e d v erml cu l l i eand a bonding agent that e f f e c t i v e l y scaled
off surfaces treated with the mixture. Thevermiculite p l a s t e r was an e f f e c t i v e f i r e-break f or- s ea l ing off underground mine
fires.*F i r e rating tests were made on verinicu-t i l e , p l a s t e r and concrete by the S o u t hA f r i c a n liureau of Standards .*Patent s were issued on the use of uncx-f o l i a t e d vermiculite In polyurelhane foamsto improve the f i r e resistance of the f oamcomposition T, and on its use in fire-retar-dant roof-deck construction.* Vermicul i t ewas blended with asbestos f iber on benum-ite. and the result ing vermkuHte-clay paperwas used hi electronic applications.*Crude vermiculite was mixed into a hotsolution of ammonia, nitrates, or phos-phates under conditions which causedex fo l ia t ion of the vermiculite particles andadsorption of the f e r t i l i z e r values.1*

Exfo l ia t ed vermiculite was used CBmulch in covering furrows hi an a.jiatural seed bed. The vermiculite !»'•" ' v

sprayed with aqueous p«»!yv!ny?which dried and bonded • vpar t i c l e s and p r o t e c t c ; 'weathering d c s i r u c i ' o : i ;l ing s could pene t ra t e UKA British pa t en t was <:..::u &-•mixture of ground charcoal and ur .,iated vermiculite for covering m. .smetals as a f l u x or heat insulation to delheat loss from the surface of the Ingotmelt."
• P i t and Quarry. Vcrnl cuUtt I n i t l t u t e NanNew Preildent and Report* Sale* IncreaietI'JfiS. V. 62, No. t . A u g u i t 1969. f . SO.•KUIik. F a w t y M.. and luac Banhad. Uiphokigy of V e r m l c u l U e Clay Particle* Ai AfMby T h e i r Ceneili. Am. M l n e n l o g b t . v. M, I1

5-ti, M a y - J u n e 1969. pp. 849-857.• Botha. B. J. R. V c r m l u i l l l e S e a l i n g PlaiterMine*. S o u t h A f r i c a n M l n . and I n f . J.. v. Ipi. I. No. 3967. Feb. 14. 1989, p. 361.• T h e S o u t h A f i k a n M l n ' ' ~J o u r n a l . V c r m k u l l l r f l a t t e r a* F l r e pV. IK), pi. I. No. SIMM. J u n e 17. 19
' " (auto '

l i n i n g and Cniineirl~" ( p r o o f i n g A.. . .- -. . - ---. ,..— ,.. ._«9. p. 1449.•Saundera. 1. H. (anGmed lo Mobay ChemlCo.). r ' l r e - R c t h u n l Polyureihanc Foam. tM. P3.451.850. J u l y 15, 1969.•Curt l i . T. W. (aulgned lo Lexauco, Inc.). FRelardant I n i u l a l l v e Structure and Roof O<ConilnicUon C o m p r i i l n g the Same. U.S. P3.466.222, S e p t . 9, 1969.•Kraui . J. W.. and F. R. H u r k y (aulgnedW. R. Grace t Co.). Preparation of Venrto!Paper. U.S. Pat. 3.434.917, Mar. 15. 1969. s<*Chapln, J. K... Jr. , and D. V. R o f c T a i( a H l g n e d lo W. R. Grace It Co.). Meth:£T h e r m a l l y Expanding Verml cu l i l e In a Hot Lhnand Product Prepared by Such Procea. V3.Jf3,459.531. Aug. 5. 1969. KIT" R o t h f e l d e r . R. E. (al igned lo W. R. GraceCo.). M u l c h i n g ProccM. U.S. Pal. 5.475.4JJ.««8. 1969.•> N e u . M. C. (aulgned lo Foteco InteroatlonLtd.). BrltUh Pat. 1.151^07. May 7. 1969.1 pi
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Tabl e <-Vernucullte e x f o l i a t i n g p lant s fa the United S t a t e , In 1969
__________________________________CountyA r l z o n o l i t e C o . . . — — — — — — — — — — — — — — — — — — A r t c o n a . . — — — — — — — — Maricopa.Cal i f orn ia ZoooUte C o . . . . . . . . — — — — — — — — — . . California............. Alameda. Los Angeles.Carolina Wbolacala nortot Co——————————— N o r t h Carolina.—..... Lee.Cleveland Gypaum Co.. Division of ClevelandB u i l d e r * S u p p l y Co. O h i o . . . . . . — — — — — — — Cuyahoga.Coralux Perll te Corp. o f N e w J e r s e y — — — — — — — N e w J e r s e y . — — — — — — — Middlesex.niter Media Co., I n c . — . — — — — — — — — — — — — — Loulalana....——...... St. J o h n the Baptist.Hyaer f t L e w e l l e n . . . . . . — — — — — — — — — — — — — — • P e n n s y l v a n i a . . . — — — — Buck*.International Vermicullt* C o — — — — — — — — — — — — I l l i n o i s — — — — — — — — — — Maeoupln.L a Habra Product*, I n c . — — — — — — — — — — — — — — C a l i f o r n i a . . . — — — . . . . Orange.Lanroont. I n c . . . . . . . — — — — — — — — — — — — — — — — T e x a a — — — — — — — — — — — Llano.M a e A r t h u r C o . . . . . . . . — — — — — — — — — — — — — — . M i n n e s o t a . — — — — — — — Ramsey.Elea Pelleta, I n c . — — — — — — — — — — — — — — — . — I l l i n o i s — — — — — — — — — — - D e Kalb.The B. F. Nebon Manufacturing C o — — — — — — — M i n n e s o t a — — — — — — — — Hennepln.Pattenon Vermieull te C o _ — — — — — — — — — — — — S o u t h Carolina..—.... Laurens.Roblnaon Inaulation C o — — — — — — — — — — — — — — — M o n t a n a . . ; - ; , — — — — — Cascade.

North Dakota!........ Ward.S o l o m o n ' * Vines, I n c . — — — — — — — — — — — — — — — A r i z o n a . . — — — — — . . . . Maricopa.Southwest V e r m l c u l i t e C o . . . . . — — — — — — — — — — N e w M e x i c o . — — — — — — BernallUo.Supreme Perlite Co.....................—... Oregon...........—.. Multnomah.Texaa Vermieul l t e C o — — — — — — — — — — — — — — — — O k l a h o m a — — — — — . — Oklahoma.
T e x a a — — — — — — — — — — . Bexar.

i e y - . I I . I I I I I I I
O r e g o n . — — — I . I . I I I . I Multnomah.W a s h i n g t o n . . . . . — — — — Spokane.Vermieul l t e Product*, I n c . . . — — — — — — — — — — — — T e x a s — — — — — — — — . . . . . Harris.ZoooUte Diviilon. W. R. Grace I Co....._... Arkansas.............. Pulaskl.

Colorado.-.——......... Denver.F l o r i d a — — — — — — . . . . . Duv.l, HlUaborough , PalmBeach.Georgia..——......... Fulton.I l l i n o i . . — — . . _ _ _ _ _ Cook.K e n t u c k y — — — — — — — . . Campbe l l .Loubiana....—....... Orleana.M a r y l a n d — — — — — — — Prince Georges.M a M a c h u a e t t a — — — — — — Hampshire.M l c h l g a n . 1 — — — — — — . . Wayne.M i n n e s o t a — — — — — — — — Hennepln.MUiouri.............. St. Louis.N e b r a s k a — — — — — — — — Douglas.N e w J e r s e y — — — — — — . . . Mercer.N e w Y o r k — — — — — . . . . . Cayuga.N u r t h Carolina......... G u l l f o r d .P e n n s y l v a n i a . . . . — — — Lawrence.S o u t h C a r o l i n a — — . — Greenvi l l e , Laurans.T e n n e e a u o . . — — — — . . . . D a v l d x H ) .Wisconsin...... — — . . . Milwaukee.

Zinc
By Donald E. Moulds *

The free world production and con-sumption of zinc continued at a recordlevel in 1969. although in the second h a l fo f the year indicated s u p p l y 'had surpassedrequirements. Mine production was againexpanded 7 percent to 4.56 million tons,and smelter output increased 12 percentto 428 mi l l i on tons. Consumption main-tained a growth s l i g h t l y above metal out-put with a resulting reduction in producerstocks, until June; then decreased con-sumption and expanded s u p p l y reversedthe trend in producer stocks and resultedin a lQ2jOOO-ton increase in these stocksduring the June-December period. The
price of tine in the world market trended
upward throughout the year «a metal de-mand and competition for smelter feedmaterials brought pressure. The producer

price, both domestic and foreign, i t a b f l i i ehowever, in September for the remalndof the year.The domestic industry continued the cward trend in consumption and prulution although at a reduced rate. Coniumdon of slab tine increased t£ percent i137 million tons. Mine production Icreased 45 percent to 553,100 tons.' Ithough all mining areas reported an madquate s u p p l y of experienced undergrouipersonnel to achieve desired producticrates. Smelter production of slab zinc icreased 1 percent over the strike-cure- Ei1968 output to 1.11 mil l ion tons. Incr "•;.imports of tine metal and zinc it : 'vided a n easier s u p p l y , a l & a u g f a ' '
adeBtlK. Dlridon of . '„Meub.

Table l.-Salicnt zinc statistics
U65 UM H I T IMS

•41.411 U*,4U I t t . i l$ 1 M , M Z 910,960 9191,91,
ui.siB ua.uo448.11(7 SOI ,486as.<» aa.sta

,•OO.S77n.cos 4M.4MUt.400f t .a e s
4U.T>181 ,Mto.u

1.111.

United States:Production:Domestlo ores, recoverable content•horttona.. C 1 I . I U I 7 S . I B 8Value.. — — — — — .....Umusands.. 1178,ZM |,18«,044
f i l a b a l n c iFrom domestlo ores .abort tons..From foreign ores.......do....From aorap.............do....

T o t a l — — — — — . — — — . . 4 o _ .Seeoddary alnc >....._.._..do....Exports of alab s i n e — . . . — — — — d o — —Import s (general):Orellame c o n t e n t ) — — — — — . d o . . . . 428,040 U1.820Slab line...................do.... 182,WO 178.ITSBtooka, December SliAt producer plant*.. ....... .do.... I8,<ZZ (4,T>8At eoMumsrpUnU..........do.... 1W.7W ItS.MSConsumpUoniSUb alM...................do....All claws....—......—..do....Prtos, Prime Western. East 8L Louisesnta per pound.. 14.10 14.10Wcrld iProduetioniMlns.................̂ bort tons.Smeller..... — ............do...Price: Prime Western grade. Londoncents per pound.. 14.11 1 Z . T 6

1,078,021 1.108.829X71-.894 t77,t67(.•8* 1,4M

I,U4,0>2 1,410.117l.T42,087 1,I08,M8

•4.741,887 •4,*42.018. 4.8&2.S71 4 . 4 S 8 . S S 2

1.01S.S8St47,tS416,809
(84,012122,112

I t . f l f101.885
i.ns.ios1.8tl.t»7

18.81
(.280.4004,847,764

12.17

1.100.7M278.09*88.011
843,8448W.840

( S . t T B101,818t.iu.evi1,728.400

•Revised.i Excludes redlst i l tad dab doe.
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Vermiculite
By Frank B. FulLerson '

In 197i) production of crude vermiculitein the, tjn'lted Stat e s {decreased 8 percent inquantity and 4 percent in value. Quantityand value of ex fo l ia t ed vermiculite sold orused declined 12 percent and 6 percent, re-

sp e c i iWly. The average unit vilue of crudev e r i n i p J J i i c increased 4 percent to $22.78per t6n, and the average unit value of ex-f o l i a t e d vermiculite rose 7 percent to$85.11 per ton.
D O M E S T I C P R O D U C T I O N

Crude V e n h i c u l i t c v — O u t p u t decreased 8percent, from that of 1969 to 285,000 tonsand a value of $6J& mil l ion. Only threemines produced crude vermiculite in 1970compared with eight in 1969. W. R. Grace& Co, Zonpl i t e Division, suppl ied the prin-cipal production from its mines in LincolnCounty, Mont., and Laurens County, S.CThe Pattcrson VernMcul i t e Co. mine inLaurena,.County, S.C., also was active. W.R. Grace te Co. announced plans to in-crease- capacity principal ly in the, smaller

proces-par t i c l e sizes, at its L J b b y , Mont.,sing p l a n t .E x f o l i a t e d V e r m i c u l i t e ^ — T w e n t y - f i v ecompanies in SI Sta t e s produced 221.000tons of e x f o l i a t e d venniculite. The fo l l ow-ing six Stat e s , l i s ted in order of outputsuppl i ed 45 percent of the ex fo l ia t ed ver-micul i t e production:. Cal i f o rn ia , Flor ida ,Texas. New Jersey. South Carolina, and Il-linois. W. R. Grace & Co, Zonol i t e Divi-sion, the largest producer, operated 23p l a n t s in 20 stages.
Tabl e I . — S a l i e n t vermiculite statistics

1966 1(87 W68 1*61 1970
PnlUd S t f U t :Sold «nd taed by producara:Cnid...................tbouund abort toni.. 162 IS& (90 S10 (8SViliM..................thousand dollars.. f4.»S6 $4.974 |S,CS4 16.106 13.601lM p«r too.............——... f i t .*! I 1 I . C 1 $19.60 $21.98 $22.78..........tkoiuandchorttoni.. 193 180 SIS S60 221..................tbouttnd dollar*.. $16.180 $14,178 $16.846 $19.816 $18.809AT*nc*ralm|Mfton.................... $78.89 $79,82 $79.08 $79.66 $86.11World:"Productlo«, crude.........thousand ihort ton*.. 882 871 421 486 432

C O N S U M P T I O N A N D U S E S
The end-uses for ex fo l ia ted vermiculitein 1970 were as fo l lows: aggregates (con-crete, plaster, cement) and insulation( l a r g e l y as loose fill), each 40 percent; ag-

riculture (horticulture, toil conditioning,f e r t i l i z e r carrier, l i t t e r ) , 14 percent; andmiscellaneous uses, 6 percent.

P R I C E S
The Engineering and M i n i n g J o u r n a lquoted nominal yearend prices for crudevermiculite, benef ic iated at the mine, as f o l -lows: Per abort ton, to.b. mines. Montanaand South Carolina, $18 to $35; and S o u t hAfri ca , c.ij. A t l a n t i c ports. $29.55 to$40.15. The average mine value of all do-mestic crude vermiculite sold or used was

per ton, compared with $21.95 perton in 1969. The average unit value of all• e x f o l i a t e d vermiculite. fjo.b. processingp l a n t s , was $85.11 per ton. compared with$79.66 per ton in 1969.
' l o d i n t r r economist. Dlvblon o f Nonmrta l lkMinerals.
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F O R E I G N T R A D E
was imported \ duty-• of South'; Africa continued to bethe United States. The 'RejpubWI limparUnt tource of venniculile 1

WORLD REVIEW
of vermiculite uses and worldrat published.*liixix d M n n a W f a ex fo l ia t ed ' v e r -in

1South Africa, Republic o f , — V e rproduction decreased 5 percentw)ih,1969. The only major supplier.!niiculitc outside North America, ""-Mining Co., dec ided. to expand iits existing plant instead of bentirely new mill. Production was' to Icreased from 140,000 tons to 175,1000'

' V a n c o u v e r , British,plants)'; Calgary and Ed-Alberta; Regina, Saskatchewan;and St. Boniface, Manitoba; St.
Ontario; and Lachine and Mon-H'] p e r ' y e a r while at the same timetbec. The f o l l o w i n g end-use per- t ing processing of lower grade ores.''wen? reported by ex f o l ia t ed ver- • ----- •--'—•-• • •' producers in 1969: Loose fillp e r c e n t ; ' p l a t t e r aggregate, I Ii tating concrete, 7 p e r c e n t ' ; andi uses,"! 1 percent. AH crude^ex fo l ia t ed ' In Canada was im-U n l t e d S t a t e s and the

' problem of s eparat ing ver1-b lo t i t e was s tudied by theilng Section, M e t a l l u r g y Division,abba Atomic Research Centre, Trombayi^Bombay. Venniculite ore from Kasipa-linex, Andhra Pradesh. was used in'»<<e»U, A ' m e t h o d of p r e f e r en t ia l grindingseparation of vermiculiie was devel-^ separated mineral was fur therd'by |wo processes: magnetic sepa-aiiou and • exfol iat ion. The tests showed
purpose*, vermiculite coulds ' < f t e p a n t e d from biotite by magnetic sep-

'^i'pPJtPA for local consumption it c o u l d '-'exfoliated, which would give betterI f g x a d e and recovery.*

1 year would be required to comjmodifications, but no disruption' $lion' was "expected. The companyd r y mi l l ing process. ' I t w a s o lp l a n n e d ' t o adopt w e t p r o c e s s i n g , , ' 1

would ' i n c r e a s e r e c o v e r y ' ' o f ' ' i r t k i i u .from" s erpent lnl t e and pyroxenlte''ore», 1

crisis proved t o b e t o o ' h i g h . * • ' • ' • « ( » «' . " U g a n d a — T h e Minister of MineralV f r a t e r Resources reported that vermldeposi t s "In the ;Namekara and Biarea's were tested and f ound to'be* hid. . m
• I n d u s t r i a l Mineral*. Verml cu l i l e : ATransition. No. 38, November 1970. pp. (• Witem. H. S. Ligh twe igh t Aggregi -OepL of Energy, Minei, and Rewunc*.J u n e 1970. 4 pp.•Caiuu, C. L., and K. K. Malumdar,on the Bene fk la t l on of Vermiculiie. " 'Mine*. MeUU ft Fueh. V. 18. No.1970. pp. 299-300.Mnduxrl;A77~9W> ,t ,rial Minerals. Palabon to MooHr J'lant. No. 35. AuguK 1970. p. 31.•Mining Maguine. Mincralt in Ugaada.,..t JM.,»lo, 4, October 1970. p. «4I.

Table i.—Vermiculite: Free world production by countries
(Short ton.)

Country 1968 1*69
. 4,7«6_u * 2 724. . I ^ I " " I " I I I I I I I 2 ) 6 8 8 '. ' „ ' _ _ _ _ _ _ _ _ _ SOS..,.j....__....._ 121,468

6.028•4.2404.888
.. ***lk2.1S4186 ,809.487 W.(

T X a l — — — . . — — — — . . . . . — . . . . . — — — . . . — _ „ , . . ' _ „ , „ . „ . . — — „ ' 4 2 1 . 8 7 6 456.tM «Jt.8)Ol|— i - — — • — — — — — — — — — — — — — — — — — — n — — — — — — i — — : — — — — — . ' ; . ; ' a - :>RniMd. ...... - • • , 4., • <̂a..

V E R M I C U U T E 1173
T a b l e S.-*-Republk of South Africa: Exports of venniculite by countries

(Short t o n a j j
.-•- Country

Ivtntla.. . . ............. ... ...........
M(<UID ____________ — — — — — . . — — — — — — — — — — — — — —
Ikhad ....................................rue* . ..........................
Uly... — — — — — — — — — — — — — — — — — — — — —

ItOidatti...... .... . ... ......... ....... ...
To**ITotal vahu >............... ...........' Avarag* vain* p e r t o n ' . . . — — — — — — — —

1*88
.....—— ...... «.*88___ — ..4.*-.... 861___________ 8.8600):::::::::::::.::: V.899__ — ...VI..... 18.068____ ....A. .... 20.164______ /.L' ___ 4.647___________ 1.288___ .„....„..- 8.902.. ___ ..! __ ... 1.684..........i...— W____ . __ ..... 27.74610.676................. 4.606
... _________ 106.062______ i __ .. 82.119.844. ___ ... ___ ... $19.98

1*69 1*70
8.6661.44!4.892•778.88114.S4727.0217,8481,8484.0982 621716S7.8866.497S.896

NA

116.684 127.61282,409,697 83.160,288(20.86 $24.6*
I'!' N A N o t a v a i l a b b .' > Not nported I n d i v i d u a l l y ; nay b* included with nndbclowd.», I Converted to VA eumney at tin rmU of 1 nnd tquab USS1.40.

T E C H N O L O G Y
' ' I n a method f o r f l a m e p r o o f i n g paper o r' ; fabrics, f i n e l y divided venniculite o r e w a s' 'waked in a sodium chloride brine, washedJ , , w i t h water, steeped in a l i t h i u m chloride' brine, again washed, and water-exfol iated.* The result ing sludge was appl i ed to thepaper or fabric , and the coated paper orfabric dried.*

An unproved, d i r e c t - f i r e d , s l o p i n g furnacewas devised for expanding sited vennicu-l i te ore or p e r l i t e and tank-annealing the
expanded material.*The surface hardness of fre sh concrete«ris Improved by covering it with a blan-keting layer of minus 8-. p l u s 40-mesh ex-f o l i a t e d venniculite. The layer was up to 6inches in thickness.*

A thermal-insulated, water-repellent
board was prepared from a mixture con-
s i s t ing of asphalt-coated, e x f o l i a t e d vermic-
ulite. asphalt , and a ceilulosic fiber."'

• Land. E. W.. and C W. OrgeU (anlgned toW. R. Grace IE Co.). Procen for F l a m e p r o o f i n gCombuuible Materiak UJ. Pat. 8.840.892. Nov.I I , 1970.•Johraon, C. W. Apparatu s for the HeatTreatment of Comminuted Material. VS. Pat.1,522.610. Oct. IS, 1970.• lackwn, W. R. (aligned to W. R. Grace ftCo.). Cue Hardening of Concrete W i t h FineVermkull te . VS. Pat. 3.499.070, Mar. 3. 1970.H K a w a m , A., and M. V. Emeu (aulgned toW. R. Grace ft Co.). Method of F o r m i n g Wa-ter-Laid Verml cu l i l e Roof Insu la t ing Board. VS.Pat. 3.SSS.907. Oct. 13, 1970.
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, i ( , , T a b l c 4.-Vennlculitc e x j f e j j a t t n g plant* f a : l b e United State* in 1»70, C
*' i ^ i '̂ • . ^

Company S t a t e . County
. ....-CaWomiatoooBteCo. — — — — — — — — ..̂ .Carolina Whpl«al. riorbt Co............Cleveland Onmun Co, Dlvtoloe of Cleve-land Builder* S u p p l y Co.Coralui PerUt* Corp. oT New Jeney ———F i l t e r UadbvOo, l a c — — — — — — — — — — —Brier £Lew*Uen. ... ————— ..........ilnMrnaUoual Vermloul l t e C o — — — — — — — —O« Habrm ftoduau. Inc.. ...............MeAnkttr Co.... — — — — ... — — — — — .... uiea ralieta, Um. ......... _ .........TaTs: r!NeC?Manufac tur inB Co.......' r a U e r a o o VemlcullteCo..... — — — — — — —' RohlnaoB I n t u l a t l e o Co . —————————— .

' ' t o l o m o o ' a Ulnea. Inc. — — — — — — — — — — — —riootbweat Vennle i i l l t e Co — . ———————-Supreme Feriiu C o — — — — — — — — — — — —-7Va» VennlcuUte C o . — — — — . — — — — — —
VerllU Co. (Sehmalxer Sale. Aam.. Inc.)..Vemieull te of Hawaii, Inc.... ——— . — .Vemieull ta Industrial Corp.. — — — — — — —.VennkuUte-latermounUln.... — — — — — —Vennlcul l t e-Northvert , Inc. — — — — — — — .

Arliona.. .........California.. . ......Norti Carolina — ..
Newleney _ _ _ _ _ _ _ _ _ _Penuylvanla......I l l i n o l a _______Calilomla. —— .....Minnesota..,. ... ..llllnoU... ___ i...ftUaneeoU — — — — —South Carol ina. . . . ' .

' V * m I e u U t e P r o d u e t a , I n c . . . .' Z o n o U U DlrWoo. W. R. Grace A Co.

North D a k t a .Arizona. _____ .New Mexico .... ...Oregon — — — — — — — —Oklahoma. ........Texaa.. — .........Florida.. —— . .....Hawaii. _ ....: ...New Jersey... . . . . ' .-Utah...... —— i..̂Oregon ............Washington..... —Taua.....,!,.....Arkanais.. ! . ' ! . . . .Colorado ..........Florida. ——— ...„.Oeonia.. .... .; ...Ill ino i s . — — i . j J . L .Kontueky.^ — ....Loulalana ...... . ...Maryland... ....i.Vassaehueetta. ....Michigan.. ........Minnesota..' — ... .Mlaaouri.. ..._,...Nebraska......:...New Jeney........New York.........N o r t h Carolina .....Pennsylvania. . . _ .South Carolina.....Tennessee. ...... _ '.Wtsoonsln .........

Alameda, Los Angeles,Lee.Cuyahoga.
Middlesex.St. John the Baptist.Bucks.Macoupln.Orange.Ramsay.D e K a f b .H e n n e p l n .Laurena.Cascade.Ward.Maricopa.Bernalillo.Multnomah.Oklahoma. 'Bexar. Dallas.Hlll s borough .H o n o l u l u .

-*.» •

Salt Lake. ' -M^J.Multnomah. • •Spokane. ;JVHarris. &PulaskL >Denver. ,i>>Dads, Duval. Hllleborough, Eabt IFulton . ' V i Z *Cook.- • • • , • : - ' i » X 1

Campbell. , „ . :.»Orleana. ' WPrince Oeorgee. ; •• ' S * .Hampshire. . . ^ ,Wayne. * 'I •'Hennepm. - ::n tXtSt. Louis. . ., ,7Douglas. * 'Mercer. ' ' uSSKSSi • --•*Lawrence. ' « ! •Greenville. • ... T,Davidson. ?Milwaukee. • • ' ' - ' t i

t•*.v ' i

»<
j
t;.

Zinc
By Albert 1>! McMahon

tost all segments of the domestic zincs u f f e r e d setbacks in 1970 af t er thei ng growth of the preceding 2 yean. Allpnenu of zinc s u p p l y and consumptionpc f in ed f o l l o w i n g the general downwardKfljfnd in industrial activity. The lower de-1 "id and increasing inventories at pri-•y producers' p lan t s resulted in produc-i curtailments of 10 to 15 percent att smelters and refineries early in the.7 addit ional cutbacks were made latercontrol another bu i ldup of smelterks. Demand for zinc declined progres-E t f y e l y and was s u b s t a n t i a l l y reduced in theKhit 2 months of 1970 because of the Gen-) Motors Corp. strike. Import s of zinc in
'and concentrates and imports o f slabI; were much lower than those of 1969.t price of zinc resisted the pressure for|fReduction through most of the weaken-' m a r k e t situation but was lowered 0.5

cent, to 15 cents per pound on August 24,1970; this quotation continued through theend of the year.In 1970, VS. mines produced 534000tons, approx imate ly SA percent less thanin 1969. Smelter production of slab zincdropped 14 percent, and import* of zinc inore and metal declined IS percent and 17percent, respectively. Consumption was'down 14 percent as producers' stocks rosealmost (SO percent and consumers' invento-ries f e l l 12 percent.The free world zinc mine production in-creased S percent; smelter output wasdown approx imate ly 2 percent. Consump-tion f e l l in moit countries except Japan,where the smallest increase in yean wasreported.
1 Physical scientist. Division of Nonferroui Met-ab.

Table I . — S a l i e n t zinc statistics
P"gDailsd States:f e ' V Production:E .). Domestic ores, recoverable contentl y a j ' l short tons..
^Kb V*1™* ____ " ______ thousands..

e S S f - . Slab sine:fe*. . From, domestic ores. .short tons. .$*«''• From foreign ores... — ..do ... .! ' & £ , • From scrap — — — — — — — — — do....
S t i l t . • Total...... ......... ..do...-H j £ . _ Secondary cine >. ——————— ..do....[Sf-.l inort s at slab tine. _________ do ....S^iJnipor t s (general):>£>•• Ores (dnc content) ........... do ....
^Lg(oeks, December 81:E t̂*" At producer planto _______ do ....ft'Wtfi At consumer plants... ... .. ... do....1*̂ . Coniumption:
K&- All classee........... _ .....do. ...^ T* Price, prime western. East St. LouisL* "^' cento per pound..
1 * f t o d u c t l o n :1 ^,, v Mine ———————————— short tons..'\y . Smelter.. — — — — __ . __ . _ do _ .! i l i "Price: Prime western grade, London• it^. cents per pound..

1866

672,658(166,044
628,680601,48688,263

1.108,329277,9671,406
621,820278,176
64.798129.698

1,428 666I 820*012
14.60

4,942,0184.498,262
12.76

1967

649,4181161,662
438,668600.27778,606

1 012 835247.25416.809
634.092222.112
81.916102. -636

1.260,6781,606,862
11.86

6,830,4004,647,754
12.87

1968

629,4461142,950
499.491621.40079,865

1,100,766276 09283.011
643.866804.576

65.878101,818
1.850,6561,746.857

J3.60
6,488.6406,100,958

11.89

1969

653.1241161,612
458,764681,84370.668

1.111.160807.7146.298
602.1208241776

65,188102,007
1,886,3801,814,167

14.65
5.891.6616.472,478

12.96

1970

634,1888 163 .650
403.958478,86877,166
854,967264 074' 2 8 8
625,759270,418
98,81489,661

1,186.9511,671.696
16.82

6 060 6045 . 4 0 7 ' l 2 9
18.42

' - ' I Includes redistiUed d a b cine.
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documented in two publications. Ones tudy" investigated the change in elec-trical resistivity of interst i t ial al loys as afunc t ion of the static displacement causedby the interst i t ials . The other s tudy"involved determining constitution diagramsof noble metal alloys, inc luding vanadium-ruthenium and vanadium-rhenium.

Vanitec, which continued to sponsorresearch on vanadium appl i cat ions , pub-lished the f i r s t of a series of monographs,"Vanadium Steel Reinforcing Bars." Sinceits formation in 1973, Vanitec has spon-sored research programs on high-strengthsteels in the United Kingdom at theNational Physical Laboratory and theW e l d i n g I n s t i t u t e , and in Italy with theCentro S p c r i m e n t a l c M e t a l l u r g i e s andI t a l s i d e r S.p.A. The committee consistsof representatives f rom the f o l l o w i n g majorproducers of vanadium ores, concentrates,al l oy s and other compounds: AwamuraMetal I n d u s t r y Ltd., B i l l i t o n Phibro B.V.,BOC Murex, Cont inental A l l o y s S.A.,Climax Molybdenum Co., Elkem Spiger-verliet A/S, Foo t e Mineral Co., Highve ldS t e e l and Vanadium Corp., Meta l lurg ,Inc., N i p p o n Denko KK, Rautaruukki Oy,Sadacem, SoclM F r a n f a i s e d ' E l e c t r o -m e ' t a l l u r g i e ( S o f r e m ) , S o u t h West A f r i c a
Co., Taiyo Mining, Tenno l iga s Metalur-gicas S.A., Trcibacher Chemische WerkeAC, and Union Carbide Corp.

A method for recovering vanadium fromcertain iron ores without sodium or alkal icontamination was developed and pat-ented." Vanadium-bearing iron ore is
mixed with a calcium-bearing compoundsuch as l imes tone; the mixture is roastedin an oxidizing atmosphere to form calciumvanadates, which are r e la t iv e ly insolublein water but can be leached with anaqueous solution containing carbonate orbicarbonate compounds, p r e f e r a b l y am-

monium carbonate or bicarbonate. UK ttammonium compounds is reported to pro-duce a sodium-free vanadium product.Other in so lub l e calcium compounds pro-duced during roasting remain with tbtleached iron ore residue, which can beprocessed to recover the iron.
A patent was issued for extraction ttvanadium values from vanadiferous s la jfrom the manufac ture of steel or ironfrom ores containing vanadium as «aimpuri ty. A mixture of slag and sodiumcarbonate was heated between 600* to800* C in a converter in the presence Ofoxygen to solubil ize the vanadium, the re-action product leached with water, andthe vanadium values recovered from theleach."

Another patent covered a process forextraction of vanadium and titanium valuw
from s lag formed by smel t ing iron oxidewhich contains substantial percentages ttvanadium and titanium. A mixture of slagand sodium chloride was heated between1300* to 1700* C to form an altered slag.The altered slag was oxidized by salt-roasting in an oxidizing atmosphere tosolubil ize vanadium oxide in the p l u s - f i v evalence state, the slag leached, and theleach solution processed for vanadium.T i t a n i u m was recovered from the low-vanadium residue by known methods."

" «>~ifciiiiire. W. R., wid J. B. Cohen. SuorU'alortivut wid RetuUvirr Due to intcntiliik.AcU Meullurgic*. v. 2J. No. 8, Augiul 197}, ff.953-956.
" Wmemrai, R. M., and R. C. ManuumLiN o b l e Mclal C w u l i l u t i o u Diagrami: Part II. Na-tional Bureau of S u n d a n f a NBSIR 73-415, AufuM1973. 171 pp.U R.— ™ " - ~

Venniculite
By Richard H. S i n g l e t o n ;

Crude venniculite output totaled 330,000tons in 1975, a decline of 3% from thatproduced in 1974. World product ion ofcrude increased 4% in 1975 to approxi-mately 577,000 tons. Domestic ou tpu t ofe x f o l i a t e d venniculite declined 15% to235,000 tons. Vermicu l i t e was e x f o l i a t e dat 51 p lan t s in 29 S t a t e s using mainly do-mestic crude but also crude imported from

the Republic of Sou th Africa. Two ex fa l iu'on p l a n t s closed in 1975. Exfol iated vimicul i t e continued lo be used mainlythe bu i ld ing indus try as concrete aggregaias premixes for acoustic, f i r e p r o o f i n g , suother purposes, and as loose-f i l l and bio.insulation. Demand for these light wagproduct s continued to decrease in accoiwith a decline in building activity.

Table l.-£alicnt venniculite i t a t f a t f c i(Thoiuand ,hort toni aaj thousand ^SuS

United State*: Sold and uaed by producersOm^A

Aware "»aTue Mr tonE x f o l i a t e d _.„._

Crude Venniculi te .—Output of vennicu-l i t e concentrate, commonly called crude,decreased from 341,000 tons in 1974 to330,000 tons in 1975. Capacity of W. R.Grace & Co.'s benef ic iat ion mill at Libby,Mont., was increased. W.R. Grace & Co.also continued to mine and beneficiate ver-miculite near Enoree, S.C. In addition, Pat-ferson Vermiculite Ca continued to pro-duce a small tonnage at Lanford , S.C. Plansof W. R. Grace & Co. to develop vennicu-lite' d epo s i t s near Louisa, Va., remainedshelved during 1975, mainly as a result ofzoning problems.
Exfo l ia t ed Vennicu l i t e .—The tonnage ofe x f o l i a t ed vermiculite sold or used de-creased 15% to 235,000 in 1975. Leading

D O M E S T I C P R O D U C T I O N
State s , accounting for 42% of the exfol i-ated vermiculite told or used, were Cali-fornia, Flor ida , New Jersey, South Carolina,and Texas. W. R. Grace ft Ca, Construc-tion Products Div., the principal producerof crude vermiculite, operated 30 exfo l i-ating p lant s in 24 State s . Crude vermicu-lite imported from the Republic of SouthAfrica was ex fo l ia t ed in 1 1 domestic plants.The other 10 domestic e x f o l ia t ing p lan t sused domestic crude as feedstock. Thesources of crude for domestic exfol iated ver-miculite sold and used were Libby, Mont,,47%; South Carolina, 44%; and the Re^pub l i c of Sou th Afr i ca , 9%. - .. . ..M'
1 Physical scientitt. Diviiion of Nonmetatiic«•!••
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Table 2.—Vennlcul i t e ex fo l ia t ing plants b the United State s b 1975
C o x n p & n j r State County Nearest sit.or town

J. P. Austin Aesoe.. Ine . — — — .J. 1. Brouk £ Co., Ine _.—...Carolina Wholesale Florists. IneCleveland Builders S u p p l y Co.,Cleveland Gypsum Co. Dlv.Diversi f ied Insulation. Ine ......W. B. Grace £ Co., ConstructionProduct Dlv.

Pennaylvanla „_.Missouri _____N o r t h Carolina —
Ohio _ _ _ _ _Minnesota
Arizona ..Arkansas .Cal i f o rn ia

Beaver __St. Louis

ColoradoFlor ida ..

Hyser 4V Lewe!len _______International V e r m l e u l l t e Co
La lianra K S u o t s T T i t o ' I " " ™ ™M a c A r t h u r Co .......Ml«a Pellets. IIMPatterson V e r m l e u l l t e Co .....Roblnwn Ineula t l on Co ...
Schmelser Salee Associates. IneThe Schundler Co .

Illino i s — — —Kentucky _..Louisiana •_..Maryland .-_MauaehusettsMichiganMinnesotaMissouriNebraska ..._New Jersey ..N e w York — _North CarolinaOklahomaOregon .___Pennsylvania _South Carolina
TennesseeT e x
Wisconsin .„__Pennsylvania ....I l l i n o i s ______Wiscons in .......

>.—-_ Minnesota

ISarlcopaPulaa . f_Alameda __Los Angele s .Orange — — _Denver ....Broward —.,DuvalH U l s b o r o u g hD u F a f f e ..........Campbell .........Orleans — — — — — .Prince Georges ..HampshireWayne —-.HennepinSt. LouisDouglas .1Mercer —iga .' o r d _OklahomaMultnomahLawrenceGreenville__ doDavldsonBexarDallas _.MilwaukeeBuck* ...M a o o u p l nKenoihaOranc* ...Ramiey .,.........— I l l l n o l * ........_, Do K«lb ."".„"_TV» ci_.»•_ fn___ma_ _ I. •••»••* ••••_••»*•

f i t r o n g - L l t e Products _Supreme F e r t i l e Co ____Vermleu l l t e o f Hawaii, I n e — — — —Vermlcul l t e-Intermountaln. Ine _Vermiculite Products, Ine ._._

S o u t h CarolinaMontana -......N o r t h DakotaFlor ida ____New Jersey _Arkansas ._Oregon — — —Hawai i ____Utah ______Texas _ — , _

Laurens- Cueade. Ward — — . _. H l l h b o r o u g h. Middle s ex —.- J e f f e r s o n ..... Multnomah ... Honolu lu ..... Sal t Lake ...- Harri s __„

Beaver Falls .St. Louis.Sanford.
Clevaland.MlnneapolU.
Phoenix.North Lit t l e Book.Newark.Los Angete*.Santa Ana.Denver.Pompano Btash.Jacksonville.Tampa.West Chicago.Newport,New Orleans.Mulrklrk.EasthemptoDearborn.Minneapolis.St. Louis.Omaha.Trenton.Weedsport.H i g h Point.Oklahoma City.Portland.Newcas t l e .Kearney.Travelers BestNashvi l l e .San Antonio.Dallas.Milwaukee.Southampton,OlranLKenosha.Anahilm.f i t . Paul.De Kalb.Lanford.Great Fall s .Mlnot.Tampa.Metucbea.Pine B l u f f .Portland.Honolulu.Sal t Lake City.Houston.

C O N S U M P T I O N A N D U S E S
The use pat tern for ex fo l ia ted vermicu-lite by main categories showed no majorchange from 1974 and was as f o l l o w s :Aggregates, 50%; insulation, 31%; agri-

culture, 16%; and miscellaneous, 3%.Demand for smaller f l a k e sizes decreased.Almos t no demand existed for f l a k e sizesbelow 65 mesh.

An end use breakdown is shown in thou- sand tons in the f o l l o w i n g tabulation:

Us* 1*74 197*
AwregstesiConcretePlasterP remixes >

14
42

I f
U

Total 141 117
l u u U t l o c iLoose-All — —BlockPacking ...

Total — — —
AgriculturesHorticul ture and ao& conditioning ..Fertil i ser carrier — — — — — — — — — —Other — — — — — — — — — — — — — — — —

47IS nu

40t I I

Total _
Klseellaneoas

47 U

Grand total — — — — — — — . ——— 174 IU
i Include* vermleuUte wed In premises for acoustic and f l r e p r a o f l n c purposes, decorative textures,•olsture sealant, etc.

P R I C E S
According to the Bureau of Mines can-vau, the average value of domestic crudevermiculite increased 40% over the 1974value to (41.70 per ton. The average valueof e x f o l i a t e d vermiculite Increased 30% to1134.66 In 1973. These values arc f.o.b.nine or plant

Engineering, and. Mining Journal quotednominal yearend prices for crude vermicu-l i t e as f o l l o w s : Per short ton, f.o.b. mine,domestic crude, $36 to $63; and c.i.f. At-lant i c ports, the Republic of South A f r i c acrude, $60 to $80.

F O R E I G N T R A D E
Approx imate ly 33,000 tons of crude ver-miculite was imported duty-free into theUnited S t a t e s from the Republ i c of SouthAfrica, a 21% decrease under that im-

ported in 1974. A total of 45,123 tons ofcrude was exported from the United S l a t e sto Canada, primarily from L J b b y , Mont,a 2% increase over that exported in 1974.
WORLD REVIEW

Canada.—A total of 61,307 tons of crudevermiculite was imported in 1975, mostlyfrom Montana and some from the Repub-
lic of South A f r i c a , a 24% incr -that imported in 1974. Grace Co,:;, c ;•.;Materials Ltd. operated ex fo l ia t ing plant:
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in 1974 at St. Thomas and A j a x , Ontario;
Winnipeg, Manitoba; and Vancouver, Brit-
ish Columbia. F. H y d e & Co., Ltd. and
Verinicul i t e I n s u l a t i n g Ltd. operated ex-f o l i a t i n g p l a n t s at Montreal , Quebec, andLachine, Quebec, respectively. NorthernPerli te and Vermicu l i t e L t d . began opera-tion in 1974 of an e x f o l i a t i o n plant at St.Boniface, Manitoba. The use pa t t ern in1974 was loose insulat ion, 75%; i n s u l a t i n gconcrete, 4%; insulat ing plas t er , 2%; agri-culture, 8%; and miscellaneous, 11%.*

South Africa, Republic o f . — C r u d e vet-micu l i t e production capacity in the Tram-vaal, Republic of S o u t h A f r i c a , wai in-creased s i g n i f i c a n t l y . Actual product ion ofcrude increased 14% in 1975 to 228,761tons. T o t a l exports of crude increased 245in 1975 to 205,000 tons. N e a r l y one-quar-ter of these exports went to the UnitedS t a t e s and Canada, and most of the balancewas sent to Western Europe.
' « S i u i i e h o u K , D.H. Lightwe ight Aggregate. lt»Dcpl. Energy, Mines, and Resource*. Oium, 198.6 pp.

Tabl e 3.—Republic of South Africa: Exports of vermiculite, by country_______(Short ton.)_____/v»»»—

Belgium _ ...=.-.—.... __ »«........-«..«....

Germany, We»t _. ... . ... —_—.--..

H w l t a e r U n d _________________________
Uudbckuod ________________________

Av«raw> value per ton • ...... _ ..... _ _._
NA Not available.

1978'
4,014NA1,696NA
1.88716.62614.866

20.8M)11.4061,01)1N A4. MBH . I l M1 . 2 I f ,•7.2H480.H4AO.H64
167.4U1(4.B4I.C05131.38

1»74 »
NXI.4II

NA
62319.72416.6072,438NA10,663NA1.913I t t t l4. 14 II1.220H.inaZV.VU4•47.47112.470

164.177fa.697.684138.93

ll»
| tit

16.111

NA

IS.M*NA
2v4.MINANA

owunw unicM otherwise noted: London M i n i n g Journal. M i n i n g Annual Eerlew. 1175 and l l l ipp. 120 and 116.
*OaU l i l t e d an from o f f i c i a l trade return* of recipient countries.* Include* Canada.
« Source: Republ ic of South A f r i c a Department of Mine*.' Mineral*. October-December 1(74 u<197< edition*, p. 32.
*Converted to U.S. currency at the rate of 1 rand=|1.4488 for 1971 and $1.4722 for 1074.

Table 4.—Vermiculite: Free world production, by country__________________(Short ton*)

ft"* *~'rtca7~BepuMirofuwuui Airica, Republic of — — — — . — . — . . . . — — . — — . . . . .Tanzania .............................................United State* ((old or used by producer*)

•Xatlmate. »Preliminary

Zinc
By V. Anthony Cammarota, Jr.,1 and Ronald J. D e F i l i p p o

W i t h the lowered rate of economic ac-t ivity in 1975, slab zinc consumption, mineand smelter product ion, Government stock-pi l e releases, and imports of ores and con-centrates all declined. Consumption of slabtine, at 925,330 tons, decreased 28% fromthat of 1974.
Mine production was 469,355 tons,down 6% from that of 1974. Tennessee,New York, and Missouri were the majorproducing S t a t e s accounting for one-halfof domestic mine production. The NewJersey Zinc Co. began s h i p p i n g concentrate(torn its new Elmwood mine in centralTennessee in January. In cant Tennessee.ASAKCO Incor j iura i ed shut down theMaicot mi l l i n O i ' l o l x - r uiul brought I t s 'new Y o u n g m i l l oiutrraiii. The Ontariomine in U t a h began produc t i on in May.C i l l a h a n Mining Corp. and The New Jer-

sey Zinc Co., through a j o in t venture, be-gan deve l op ing a zinc-copper depos i t innorth-central Virginia.
Smel t er product ion of primary slab zincwas 438,051 tons, down 21% from that of1974, continuing the decl ine of zinc smel-ler product ion since 1969. National ZincCo. was construct ing a new e l e c t r o l y t i csine p l a n t in B a r l l c s v i l l e , Okla. to replacethe old horizontal retort p l a n t scheduledfor c lo s ing in May 1976. The smel t er wasdesigned for a capac i ty of 56,000 tons peryrar. The New Jersey Zinc Co. and UnionMiniere of Belgium formed a jo int ventureto build a 90,000-ton-per-year . e l e c tro lyt i cunelter at Clarksvi l l e , Term., for comple t ionin 1979. Another zinc plant being plannedby A S A R C O at Stephen spor t , Ky., waspostponed i n d e f i n i t e l y . The company closedits 53,000-ton-per-year smelter at Amaril lo ,Tex. in May thereby reducing U.S. zincsme l t ing capaci ty to 652,000 tons per year.Producer and consumer stocks were 250,-878 tons on January 1, and climbed to

269,455 tons in A p r i l , the highest level ir.recent years. However, as smelter prodi:tion declined and demand increased h •in the year, stocks f e l l to 132,S?8 -;-.Myearend.
General imports of zinc ia:crer: and «centrates decreased 40% from these of 19/'to 144,987 tons, of which Canada s u p p l i e rabout two-thirds of the total. Other majo:-s u p p l i e r s were Honduras, Mexico, and Nic-aragua. Import s for consumption, however,more than t r ip l ed to 428,544 tons. Generalimports and imports for consumption ofslab zinc were 380,437 tons and 374,922Ions, r e sp e c t i v e ly , reprose i i l ing decreases ofa lmo s t onc- l l i i rd f r om t l i o i e of 1974. Can-ada was the l e a d i n g source of general metali iujKWIs by prwvid inK 4(1% of the t o t a l , f o l -lowed by S p a i n , 7%; A u s t r a l i a , 6%; andF i n l a n d , 5%.

The General Services Adminis trat ion(GSA) shipped 5,886 tons of zinc from theGovernment s t o ckp i l e in 1975. The lastthree quarters of the year were declaredclosed by GSA because of a high producer •stock balance. S h e l f - i t e m commitments of2,014 tons made in 1974 were cancel!;"during the year. The total amount of zb
authorized for sale at yearend was 172,00'tons.

In s p i t e o f the f a l l i n g demand for zinc,the price dur ing the year remained virtual-ly unchanged at about 39 cents per poundfor Prime Western zinc. The avenge forthe year was 38.96 cents per pound. Onecompany raised its price by 2 cents perpound, but v as forced to rescind the in-crease when the other producers remainedf irm. The European producer price de-creased from 38.58 cents per pound inJanuary to 35.77 cents per pound in De-cember, p a r t l y as a result of de c l in ing ex-
> Phyiical K t e n t b t , Diviuon of Nonferro iu Met-all.
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decrease from the 6,848 tons of 1979."Import s of ferrovanadium decreased from1,394 tons in 1979 to 837 tons in 1980.Austria, Brazil, the Federal Republic ofGermany, and the United States were theprincipal supplier*. Japan also imported8,762 tons of vanadium pentoxide, 90% ofwhich came from the Republic of SouthAfrica."Norway.—Elkem A/S was consideringusing the Otanm&ki process at its RaudsandMine to improve vanadium recoverabilityand overall p r o f i t a b i l i t y . The mine has runa de f i c i t for several yean and was expectedto show a loss of $600.000 for 1980. In 1979the operation produced 156,784 short tons ofmagnetite concentrates and 4,299 tons ofilmenite concentrates. Until now the con-centrates have been shipped to the Breman-ger Works at Svelgen for smelting into pigiron and ferrovanadium. If the OtanmSkjprocess f a i l s to make the operation p r o f i t -able, Elkem may be forced to phase outmine production by 1986."South Africa, Republic o f . — T h e Republic]of South Africa was again the w o r l d ' s larg-est producer of vanadium with output in theform of slag, polyvanadate, metavanadate,and fused pentoxide. Demand for SouthAfrican-produced vanadium weakened con-siderably during the second half of 1980.Highveld Steel and Vanadium Corp. Ltd.

was forced to reduce fused pentoxide pro-duction and at yearend had only one of itseight roasting units at the Vantra divisionin operation. The company also shut downthree recently recommissioned kilns inJune.1? Ucar Minerals Corp. suspended op-erations inde f in i t e ly at its Son Accord re-csovery plant near Pretoria in October. The/ p l a n t had a capacity of 2,800 short tons peryear of. pentoxide and was producing about1,000 tons per year at the time of closure."
' P h y a i c a l eclentkt. Section of Ferrau* Metab.•Engineering and Mining Journal. V. 182, No. 6. May1981. p.59.»Aieociac&o Brasilelra doa Produtorei de F*rro-Uga»Anuario da Induttr ia Braaileira de FerraJJga»-1980 (Year-book of the Brazilian Ferroalloy* Indul tryX Rio de Janeiro,pp. IS. 23.

•Japan T a r i f f Aanciation. Japan Export* and Import*, •V. 12,1980, pp. I?*. 121.•BualneH China. V. 6. No. 16, Aug. X. 1980, p. 124.•Fumin, 2. Brief Introduction of Uetal Mine* In thePeople'* Republic of China. Special Station Paper No. B-l-1. Prec. 4th Joint Meeting M M U - A I M E . Tokyo, Nov. 44.1980. The Muling and Metallurgical Inatitute of Japan,Tokyo, 1980, pp. 119-127.' B a u t a r u u k k i Of. Annual Report for 1980. P. IT.•Metal Bulletin. No. (565, Jan. 11,1981. p. IT.•Altekar, V. A. The Role of Keeearcb. Miner. t MetabReY- v. <.. No. (. May 1980. pp. 26-27."Japan Metal Journal. V. 11, No. SO, May IS, 1981, p.
"Work died in footnote 4."Bergvorke-NyU. No. 1. January 1980. pp. I M S ."Hlghveld Steel and Vanadium Corp. Ltd. Ann. K e p t ,1980, pp. 8-10."American Metal Market V. 88, No. t i l . Oct. 29.1980,p. 8.
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Vermiculi te
By A. C. Meisinger'

VS. production of vermiculite concen-trate in 1980 declined 3% in quantity(337,000 tons) sold and used from that of1979. Value of production continued to in-crease and was 1% higher than the 1979value of |22 million.Vermicul i t e was mined and beneficiatedin 1980 from deposits in Montana, SouthCarolina, and Virginia. The only operation. in Texas was idle during the year.Exfo l ia t ed vermiculite was produced at 47plants in 30 State s in 1980, and the quantitysold and used was 3,000 tons above the 1979total of 278,000 tons. Value of exfol iated

" * ' ?«r*v.;.:vermiculite sold and used in 1980 was |$L6 ,$million, compared with $51.3 toiSioanf^1979. W. R. Grace ft Co. continued to be the|leading domestic producer of verm Scull ta,'concentrate and the ex fo l ia ted material. ••*'*'The principal uses of exfol iated venajco-5lite in 1980 were for concrete aggregate, -\24%; f er t i l i z er carriers, 16%; loose-fill insu-lation and premixes, 14% each; block insu-''lation, 13%; soil conditioning, 9%; and hor*lticulture,7%. . ^-<H(£Estimated world production of venofcu-^lite was 683,000 tons in 1980. a decrease «T*:2% from the 695,200 tons estimated in 1979M

T a b l e 1 .—Salient vermiculite statistics
(Thouund abort too* and thousand dollar*)

197« 19TT 1978 1979
United States:Sold and need by producer*:Concentrate .. — -- —— ——— ... —— — — — -. $04Value______--_____ —— .___ — — - . $14.000Average value* (dollar* per ton) —— ____ ——— . $46.05E i f o l i a l e d . . - - — — — — — — — — — — — — — — — — — — — — — - 270V a l u e — — — — — — — — — — — — — — — — — — — — — — — — — — — — $42,300Average value1 (dollar* per ton)_-------.... $156.67Export* to Canada ——..—————————————————— 41Import* from the Republic of South Africa —— . —————— . 40World: Production1________________________ 676

$59 137 i $46$18,600 $19,700 $22400$51.81 $58.46 $8U8$21 270 ' 2 7 8$50,500 $49.000 151.100$157.32 $181.48 ' $ 1 8 4 4 3•45 "29 NA*40 *28 NA' 6 7 4 ' 6 9 9 «S96
•Estimated. ' R e v i a e d . N A Not available.* Baaed on rounded data' E x c l u d w production by centrally pUrmad •cononty oocntrter

DOMESTIC PRODUaiON
VS. production of vermiculite concen-trate in 1980 was 337,000 tons valued at$23.6 million, a decrease of 3% in quantitysold and used, but an increase of 7% invalue over that of 1979.The principal vermiculite muting andbenefic iating operations in 1980 were thoseof W. R. Grace & Co. at Ubby, Mont, andEnoree, S.C. Vermiculite was also minedand processed by Patterson Vermiculite Co.

near Enoree, S.C., and by Virginia V«lite, Ltd., in Louisa County, Va. The V« ^Co.'s operation in Llano, Teat, was innctivejr'during the year.Exfo l ia t ed vermiculite output in 1S80.Jcreased 3,000 tons in quantity sold end iover that of 1979. Production came Iplants in 30 States, the same as in 1979.value of ex fo l ia ted vermiculite 'used by producers in 1980 was $54.6 million,'



on increase of 6% over that of 1979. Produc-ers and ex f o l ia t i on plant locations areshown in table 3. An unknown quantity ofvermiculite imported from the Republic ofSouth Afr i ca was also ex f o l ia t ed in domesticp lan t s in 1980.

The principal producing States, in de-scending order, of ex fo l ia t ed vermiculiteproduction in 1980, were Ohio, Texas, Flor i-da, C a l i f o r n i a , South Carolina, New Jersey,and I l l i n o i s .

T a b l e 2 . — E x f o l i a t e d vei nnieufitite sold and used, by end use
Uee

Aggregalaa:
putterPremUaa 1.. _____ __________

T o t a l - -- ____ -. —— ______ .
Iiuulatlon:LOOK Till ___________________Block. —— --.-- __ .... —— . ....Other1 ______________________

T o t a l - — — — — — — - - — — — — ...____
Agricultural:Horticultural ______ -- _______Soil conditioning.. __ .--.. _ _ _ _ _ _ _Fartiliier carrier.. — ... — . — .....

T o t a l - . . . ____ __ - __ ___ ___Other u-»' _________ -. _ _ _ _ _ _ _ _ _
Grand tout* . _____ . _ . _ _ _ _ . _ _ _

1979
ShortIon*

6 J i y O O
... —— --- __ ... 3,000---------- .... 14300
. —— .. —— . __ - 101,700

8960044,800— — — — — — — — — — — — 1.800
___ - ________ 86,200

21 400— — — — — — — - ___ - 19.200————— —— ____ - 46.600
... —— . ______ 87.100——— - —— _____ . 8̂ 00
— — — — — — — _____ ' 2 7 8 . 0 0 0

r
Percentof total

_31I S
(7

14161
81

8717
821

100

1980
ShortIon*

66700f 000
40,100

109.700

38.200- 87.2002.700
78.100

20,600
46.000
89.7003,100

281,000

1
Percentof total

24114
89

14IS1
28

7116
1

too
Itevked.'Include* •coudk. f i r e p r o o f l n g , and texturiiing u*e*.Include! high-temperature and packing Insulation and aealanl*.Include, varioua industrial mem not (paci f i ed.'Data do not add to total* shown becauae of independent f ounding .

Tabl e 3 .—Vermicul i t e e x f o l i a t i n g p lant s in the United State s in 1980
Company County State

Strong-Lit* Product* Corp — .V e r l i t o C o ____ - ___Vtrmicu l iU oT Hawaii. Inc. __International V e r m f c u l l U Co.
JeRenon ...Hilbborough .H o n o l u l u . . .

ioduc taTDiVor Inau ja t l on S a S e V C o " ~"I~".P A H I n c ------ — — - — — — — — - - — — — ----.."--.BroukCo -.--_--------------.--..---.___.Robinaon Ineulation Co- -.-..,..--..... ........T h e S c h u n d l e r C o . . __ -- __ - __ . ___ ___ __ .Robi iMonlnaula l i onCo- — .... — .. — — ... — ....Cleveland Gvpaum Co.. Div. of Cleveland Builder* S u p p l y Co -
t'.P. Auitin Aasociatii Inc" 1 1 1 I 1 1 1 1 II II ~. II I I I 1 IIF a t l e n o n V a r m i c u l i l a C o — — — — — — — — — — — - — — — - -Vermkulite Product*. Inc ——— — ... ——— . — ......Venniculite-Intermountain, Inc — .... — ..... — ...Kooa.lnc — — — — — — — — — — — — — — — — — — — — — — — — — —W.R. Grace ft Co., Coojt ruction Product* Dhr —————— ...

F r a n k l i n .Hannepin.S t . L o u i a - _

Arkanau.Florida.Hawaii.I l l l n o l * .Do

M i d d l e a e i _ _Ward .....Cuyahoga...Union?.__Beaver.....LaurenaHarri*____S a l t Lake...Kencaha- — .Maricopa. . .P u u M k l . _ _LoiAngel ea--Orange ....Denver ._._Broward.Duval .....H i l l n b o r o u g h -

Miatouri.Montana. «N a w J e r a e y .North Dakota.Ohio.Do.Pannaylvania.South Carolina.Tauu.Utah.Wiaconatn.Ariaona.Arkanaaa.California.DoColorado. tFlorida.Do.Do
See (ootnoUe at and of table.

T a b l e 3 . — V e r m i c u l i t e e x f o l i a t i n g p lan t s in the United State s in 1980 —Continued
ButeCompany County

W. R. Grace & Co.. Conatruction Product* Dir -Continued . DuPage.... —— . niUok.Campbell — — — — — Kaatuckj.Orkan* Lauiaiana.Prince o i J r g e . H I I Maryland.Hamuahir* . ___ .Wayne __ ...... Michigan. **•**.'Hennepin ____ .. MinmaoU. .SLUua.!... —— - M-ourf. ,<Dougla*. ....... Nebraika.
G u i i r o r d - -OklahomaMullnomahLawrence.

Oklahoma... Oregon. ' _Pann*y!*aiu*v'<«... —— South Carollua.Davkdaoa.-.. —— T«nnemi -,1? 'Beur ......... Tau*. • ( r*lP *D a l l a a . —— - ——— Do. • fJK,.-iin>M i l w a u k a t - — — — — Wlacooain. ^ -̂ y>
Two p lan ta in county.

C O N S U M P T I O N A N D U S E S
Exfo l ia t ed vermiculite sold and used byproducers in 1980 totaled 281,000 tons, a 1%increase over that of 1979. Major end usecategories of e x f o l i a t ed vermiculite in 1980were aggregates, 39% of total consumption(up 2 percentage points from that of 1979);insulation, 28% (down 3 percentage points);and agriculture, 32% (no change).

<«*MAggregate uses totaled 109,700 tone Hidand used in 1980, an 8% increase over thatof 1979; insulation uses decreased 9% fromthat of 1979; and agricultural uses increased'3% over that of 1979. Other uses i n * J j $ Qtotaled 3,100 tons, a slight decrease fromthat of 1979.

P R I C E S
The average value of vermiculite concen-trate sold and used by U.S. producers in1980 was $69.73 per ton, an increase of 10%over that reported in 1979. The averagevalue for e x f o l i a t e d vermiculite sold andused in 1980 was $193.95 per ton, an in-crease of 5% over the average value of 1979.Engineering and Mining Journal quoted

1980 yearend prices for unexfoliatedmiculite as fo l lows: Per short tmine, Montana and South Caroline, dometvtic, $64 to $98; and the Republic of SouthAfrica, $100 to $160. cLf. Atlantic p o r t i V J t e rcomparison, yearend 1979 quoted prices perton were $59 to $92 for domestic and $ 5 & t p$100 for the Republic of South A£dca.:

F O R E I G N T R A D E
The United States annually imports largequantities of vermiculite from the Republicof South Africa and exports vermiculite to

Canada. However, tonnage data in 1were not available.

WORLD REVIEW
Estimated world vermiculite productionin 1980 (table 4) was 583,000 tons, a 2%decrease from the 1979 production. TheUnited State s and the Republic of SouthA f r i c a , together, accounted for 93% of worldproduction compared with 94% in 1979.S o u t h Afri ca . Republ ic o f . — V e r m i c u l i t e

?**concentrate production was reported L.,_204,698 tons in 1980. a 3% decrease fromthat of 1979. Exports declined from apprQX^imately 189,600 tons in 1979 to 179,400 topsi n 1980. ' * " *
' I n d u a t r y a c o n o m l a t . Section af Nonmrtal l i c IB
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T a b l e 4.—Vermiculite: World production, by country1

(Short torn)
Country 1976 ' 1977 1978 1979* 1980'

Arpntina.Brazil ...

..___-..._.------..Keya. . . . . . — — — — — — . . . — — — —South Africa. Republic of..-.-.-__.Taiuania*__......_-..-.-....Uniud Statae bold and ased by producer!)

4,5171.043
J.78614,000

Z44.79820«04.000

' 8 3 1 9•3387
3.17218.0004.7C218234320SS9.000

64904.443664247916,0002.064230.486203S7.000

6.4788.1377703*7617,000•2,200211,17320346.000

*7.0128,600800»3.77919,0001200»204.69820«337.000
T o U I * . 876,118 ' 6 7 3 . 6 0 3 £98.625 695.164 683.009

•Estimated. "Preliminary. 'Harked' E s d u d a e production by centrally planned economy countries. Tabl e includes data available through J u n e 8.1981.•Reported figure.'Series ravised: Old ernes represented total crude nine output; revised aeries representa the sum of 111 crude mineoutput sold directly and 12) output of benelkiated product obtained from crude mine output not included under 1. Totalcrude mine output was aa f o l l ow s , in short tone 1976—1.043; 1977—7,632; 1978—21.617; 1979—11,670; 1980—not

Zinc
By V. Anthony Cammarota, Jr.1

The opening of a new mine, the absence ofstrikes, and higher output from a n u m b f r ofmines contributed to greater cine produc-tion over that of 1979. Smel t er productionwas lower as a zinc smelter closed towardyearend and shortages of feed materialdeveloped. Consumption of slab zinc de-creased mainly as a result of lower automo-bile production and reduced construction

activity. Impor t s for consumption of tineconcentrates increased s igni f i cant ly as ma-terial was withdrawn from bonded ware-houses, but slab tine imports declined asdemand slackened. Stocks held by produc-ers, consumers, and merchants f e l l sharply.The price of zinc rose and f e l l several timesduring the year, but in the last trimesterthe average monthly price rose about 10%.

T a b l e 1 .—Sal i en t tine statistics

United Stales:Production:Domestic ores, recoverable content metric tons —Value . . . . thousands .
Slab zincProm domestic oree metric tons.From fore ign ores ...........do.. —From scrap. .-_...._ — _ . _ _ do_ . _ _

T o t a l . --.---.,--.... . ' d o _ _ _Secondary line' do
Impor t s (general I:Ores and concentrates (sine content 1 _. do. ...
Stocks, Dec. 31:Producer and consumer- ........ .do. — .Merchant do
Consumption:Slab .inc. __ ____ -, _____ .do ....All classes. ... --------- ____ do ....Price: Prime Western, cents per pound (de l ivered) -World:Production:

Smel t er*- . __ .-.- __ —— ___ do ...Price: Prime Western grade, London, cents perHound

1976

4393431358341
346.429106,12562,192
614,746276.0898.187
88.101648,174

197361M A
349.440

1328376139434437.01
' 6 . 7 2 5' £ , 4 3 0
3238

1977

4073S9$309338

3223088646646314
464378284.066216
111.410523306
170337M A
347328
9995051367,70434.39

' 5 3 4 5' 5 3 8 2
26.71

1*78

802,6691206354

26735013934834.774
441.472304 047723
188.003•17340
137353M A
345372

1.0503851,441,81030.97
' 6 . 9 2 8
t*C £*J1

9tt Rfi

1979

267341(219341
256344217.13763312
625693314818279
224.952627,212

' 1 5 1 , 6 6 1M A
345,684

1,000.6061,394.31437.80
' 6 J 1 7' 6 , 0 1 6
3369

1980

334362$276326
23136010830629396

• 369352274.967
129323410342
92.151

811.146
' "37.43

6.7611306
3447'

lievieed. • NA Not available.' E x c l u d e ! r e d i e t i l l e d slab line.'Baaed on US. H i g h Grade, cents per pound. '' P r i m a r y metal production only; includes secondary metal production where inseparably induded in country total.
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Vermiculite
By A. C. Meis inger'

US. production of vermiculite concen-trate in 1985 decreased s l ight ly to 814,000short tons sold and used and increasedsl ight ly in value to $32.4 million, comparedwith 315,000 tons and $31.6 million in 1984.Sales of ex fo l ia t ed vermiculite from 41plant s in 27 States decreased s l i g h t l y inquantity to 258,000 tons valued at $47.9million.Carolina Vermiculite Inc., W o o d r u f f , SO,began mining and milling vermiculite dur-ing the year from deposits in Spartanburgand Laurens Counties, SC.The United States and the Republic ofSouth Afr i ca continued to be the leadingvermiculite producing countries with 93%of the estimated world production of 556,000tons.Domestic Data Coverage.—Domestic pro-

duction data for vermiculite are developedby the Bureau of Mines from two separatevoluntary surveys, one for domestic mineoperations and the other for exfol iat ionplant operations. Of the four mining oper-ations to which a request was sent, threeresponded. The one n o n r e s p o n d e n t ' s datawere estimated using previous years' pro-duction levels adjusted by trends in employ-ment and other guidelines. Of the 43 ex-f o l ia t ing plants to which a request was sent,41 were active, and 38, or 93%, responded,representing 85% of the total ex fo l ia t edvermiculite sold and used shown in table 1.Plant data for the three nonrespondentswere estimated using reported previousyears' production levels adjusted by trendsin employment and other guidelines.

Tab l e 1 .—Sal i en t vermiculite s tatis t ics
(Tbouaand abort tool and thousand dollar* unless otherwise ( p a c i f i e d )

1981 1982 1983 1984 1985

S20
United State*:Sold and u*ed by producer*:Concentrate ---- —— —— ..... — —— .... — .V a l u e . . . . . . — — — — — — — — — — — — — — — — — — — — . .Average value1_______ — ^dollar* per ton.. $81.88Exfoliated_________________________ 274Value. — . — -_____ ——— ... —— ------ $58,600.Averagevalue*_____-----dollar* per t o n . ' . $213.87Exporte to Canada ... — — . ——— — .. ——— ...... 31Import*lorconaurapt lon — — . . . . — —— . — . —— ... • *27World: P r o d u c t i o n ' . — — — — — .... —— —— . —— . — ... 677

316 282 116$28,600 $27.200 $31,600$90.19 $96.45 $100.00235$55.600 $52^001236.1722•21660

264$56.500$233.04 $214.0219•24490
2232•545

314$32.400$103.18at,J-7.900V.K.V

•Estimated. "Preliminary.'Baaed on rounded data.' E x c l u d e s production by centrally planned economy countries.
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D O M E S T I C P R O D U C T I O N
V£. production of venniculite concen-trate decreased ( l i g h t l y in tonnage to314,000 tons valued at $32.4 million.W. R Grace & Co. continued as theleading domestic producer with operationsat Libby, MT, and Enoree, SC. Venniculitewas also mined and processed by PattersonVenniculite Co. near Enoree, SC, by Caroli-na Venniculite, W o o d r u f f , SC, and by Vir-ginia Venniculite Ltd. in Louisa County,VA. Carolina Venniculite went on-streamin mid-1985 with processing operations nearW o o d r u f f and mines in Spartanburg and

Laurens Counties, SC.Domestic sales of ex fo l ia ted venniculiteby 12 producers declined s l ight ly in quanti-ty to 268,000 tons, and 16% in value to $47.9million. Output came from 41 plants in 27States, of which 29 plants in 24 States wereoperated by W. R. Grace.In descending order of exfol iated vennicu-lite output sold and used, the principalproducing State s were California, Ohio,Florida, South Carolina, Texas, New Jersey,and Il l ino i s .

C O N S U M P T I O N A N D U S E S
Apparent domestic consumption of ver-miculite concentrate was 329,000 tons, aeight increase from 325,000 tons (revised) in1084.The quantity of exfol iated venniculite

sold and used for both construction aggre-gate material and agriculture increasedsl ightly; however, insulation uses declined14% from those of 1984. Other uses in 1985increased 48% to 4,600 tons.

Table 2 .—Ex fo l ia t ed venniculite sold and used in the United States, by end use
(Snort tool)

End I 1984 I M S
Aggregate!:iConcrete-PU»ter-.PniuiiM1

T o t a l ' .

61.6002,70080,800
£2»2,500MUOO

' 1 3 4 . 7 0 0 IJ5.300

Lone-fi l l .Block__Other*..
T o U l .

26.SOO 20.50018.600 15.7003.300_______1.7«0
C7.700

Agricultural:Hort i cu l tura l .—Soil conditioning.Fwtiiiwr carrier .
T o U l .Other4-..
Grand total*.

22,100 22.4004.700 MM)81,600 29.000
68,4008,100

264,000 25D.OM
*Keviied.'Include! acouetlc, f i r e p r a o f l n g , and tex turfaing ueee.*D*U ajay not add to total* shown became of independent minding.'Includee h i t f h t a n i u t i i a l i i i i and Backing iniulation and eoelajite.'Include! various utduatrial ueee not ipeci f ied.

V E E M J C U U T E

Table 3.-Actlve vermlcullte ex fo l ia t ing plants In the United States In 1J85
Company County

A Top. Corp . — —BroukCo

W. R Grace ft Co.. Oonetruction Product! Div .

Beaver.,....8t. L o u i e — — — —Iroodak.....Marlcopa — — —Pulwki .._».- —AlamedaT.. .Orange . — — .Denver — ——Broward—- —Duval — — — — —Hillabonugb..D u P a g e . . — —Campbell — — .Orleane — — — —Prince GeorgM.

Penniylvanla.MiewurlAlabama.Arfeona.
CUitomut„ . De-Colorado.Florida.go.Do.BUnoo.Kentucky.

tso-

Miryland.
l l ennepin..St. LouU -.Douglae...Mercer ...Cayiua ...G u i l / o r a . - -Okuihonw .Multnoinali.Lawrence . .Greenville*.Oavidaon .-Besar ....Online-

W J n n e n o U .Munuuri

lotennountaln Product! Inco^fetson;:::-:::PatUnunVermkul i l eCo

New Jeney.New Vork.North Carolina.Oklahoma.Oregon.Pennaylvania.South Carolina.Tennewee.Teiuu.
Utah.
Ohio.South Carolina.MonUna.

H.rri...—
' 2 plant! i n t h e county.

PRICES
The average value of venniculite concen-trate sold and used by VS. producers in-creased s l igh t ly to about $103 per ton, f.o.b.plant The average value of exfol iated ver-miculite, f.o.b. plant, declined for the thirdstraight year from $214 per ton to $186 perton, a 13% decrease.

Engineering and Mining Journal quotedyearend prices for unexfoliated vermiculiteaa fo l lows , per short ton: Montana andSouth Carolina, f.o.b. mine. $96 to $143.60;and the Republic of South Africa, c.i.f.Atlantic ports, $90 to $160.

FOREIGN TRADE
Imports of vermiculite concentrate fromthe Republic of South Africa were estimat-ed to be 38,000 tons, compared with 32,000

tons (revised) in 1984. Exports to Canadr.were estimated to be 23,000 tons &R3 : ;p?.<sented 7% of total sales.
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WORLD REVIEW
World production was estimated to be656,000 tons, a alight increase over 1984production of about 545,000 tons. The Unit-ed States and the Republic of South Africa,together, accounted for 93% of the total1985 output. Vermiculite concentrate pro-

duction in the Republic of South Africaincreased 6% to about 203,000 tons, andexports accounted for 86% of production.
'Industry economist, Civilian of Industrial Mineral*.

Table 4.—Vermlculi te: World production, by country'
(Short ton*!

Country
Argentina ..... ...Brnill . . . . . . . _ _ . _ _ . - _ - . . . . . . . .EgyptI n d i aJ » p « i » V . .............. .......Kenya ___ ___ , ______ - ___ ..Mexico ____ -_---_-------_--_.South Africa, Republic of.. _____ ....T f V n f f i n i a iUnited State* bold and wed by producer*) .

Total ___________________
•Estimated. *Preliminary. limbed.' E x c l u d e * production by centrally planned

19HI
. . . . . 1.66716.771....... two... ».»96- ----- 19.000•2900667... ... 210.101- — — — — — ( » )120.000

NA Not available,economy countries. Table 1

ma
1.6V716.1117

J W t fX.XHO19 ooo1.716676201,327(»)J16.000
' 6 6 0 , 4 0 0

include* data

I I W 3
4.365I D . I W r t33)2,«M19.000*MOO440168,691C)282.000

J U U £ £ •

available thn

1984*
4J»OtiI O . I W 4T W OV 153

19.000Ml667191,636ft316,000
(44,667

M w h J u l v U

law'
4.4UOll.uooStWjt.auUMMO1 1(106SO^ifavsot

M A
*814.000

6&5.6I*

.1986.•Reported figure.•Kerined to xNot available." Output i* not o f f i c i a l l y reported and available information I* inadequate for formuUUn*reliable estimates of output level*, if any.

Zinc
By James H. J o l l y 1

World mine and smelter production wereat record-high levels, whereas the US. lineproducing industry continued to decline. Asa result of strikes and mine closures, domes-tic mine production f e l l for the f i f t h straightyear, and 1985 was the lowest cine outputyear in 11 years. Smelter output also f e l lowing mainly to the Inde f in i t e closure of aprimary smelter in Texas early in the year.A primary smelter in Idaho, which hadbeen indef ini t e ly closed since December1981, was closed permanently in 1985. As aresult, UJS. primary line smelting capacity

was reduced 20% to 404,000 metric tons.The United States accounted for about 8 J%of the world sine mine output and 16% ofthe world cine metal production, comparedwith 5.8% and 6.1%. respectively, in 1980.World tine consumption was at an all-time high. The United States was the lead-ing cine consumer, although sine consump-tion declined in 1985. Domestic demand forline was met mainly by imports, largel;from Canada. Slab cine imports account,for about €5% of the apparent slab t ,consumption, and cine oxide inwrb* *i7

Table I . — S a l i e n t cine statistic.

United State*:Production;
Value ---------- ........thousand* .
Slab sine:

Front frt*ta" ore* .From •crap' — — — — — — — — — — — — — — — — —
T o t a l — , _ — — _ — — — — — — — — — — —

Export*:
Import* for cowumptloii:OTM aitd cnfmntratdn (rinc content) _ _ ..f l la jb .doefi tocki o f*Ub -due. Dec. 11:

Oom u notion*
RenartfrdApparent* — — — — — — — , — — — — — — — —

Price: fUgfa Grade, c enUfer pound (delivered) ———World
• P f r f f d U f t f o r f VMioa _____ — . feotaiufi.! metric toe*--

%Um*t«il *Pnliniio.u7. "Essviawd.
t|^f ^|>s|tlsst f ^ f i i f t H l f j >|P^ E J ' M *•Dommtk Dinductioa o l u f l AAt ikuxwtB Dlu/mlnui f l a c k

1981

112.418(306,179
25933586.72860.192
(96766290,668

(23
246,710(12.007
128.681•8,778(40.681
(40376

1,189.16944.66
' 6 4 1 9' ( , 0 8 1(8.14

chance*.

1982

' ( 0 3 1 6 0(267,116
193.284
74,288

102.464210681
n

141
<6409466^33

111.77747̂ 97(40,678̂
709,491
•63.11118.47

' C . 1 2 6' 6 . 8 6 613.74

1983

(261^04
210,816Kyit69,190
•OS.084179̂ 37

*427
(3,166(17^79

112.WO(6,199140.677
805.831•33J711.120.64841.3S

W61C201(4.71

1184

262,768(270,833

197,112KJBO78.111
(31̂ 46(20,466
10.679760
ujn(39428

11(43418.792(40477
(48403(804261414,66848.60

•6.46340.46

1186

226£4S(20li607
172,771(340476>74
(11461289440

tSMi

•0.1M(10490
(144217,163(40477"

764.7621404611,0964644047

*8jBG7•6.23
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/V E R M I C U L I T E
By Michael J. Potter

Mr. Potter, a physical scientist with 24 years of industry and U.S. Bureau of Mines experience, has been the acting commodityspecialist for vermiculite since 1989. Domestic survey data were prepared by Pam Shorter, minerals data assistant
ermiculite is a micalike mineralthat r a p i d l y e x p a n d s uponheating to produce a low-den-sity material. The expanded( e x f o l i a t e d ) product is used as l ightweightaggregate and thermal insulation in con-struction appl icat ions; as a f er t i l i z er carrierand soil conditioner in agriculture; and as af i l l e r and texturizer for p la s t i c s and rubber,among many other uses.U.S. vermiculite concentrate sold and usedwas 230,000 short tons, a decrease from thatof the previous year, according to the Bureauof Mines, U.S. Department of the Interior.The tonnage of ex fo l ia t ed vermiculite soldand used was 157,000 tons, also a decreasefrom that of 1989.Markets have been a f f e c t e d

by competition from other building prod-uct materials and by reduced constructionactivity.Domestic production data for vermiculitewere developed by the U.S. Bureau of Minesfrom two separate, voluntary surveys, onefor domestic mine operations and the otherfor exfo l iat ion plant operations. Of the sixmining operations to which a survey requestwas sent, data or estimated data were receivedfrom f iv e operations. The one nonrespon-dent's data were estimated by the U.S. Bureauof Mines. Of the 33 active ex fo l ia t ing plantsto which a survey request was sent, data wereobtained from 27. Thi s represented 63% ofthe total ex fo l iated vermiculite sold and usedshown in table 4. The six nonrespondents*data were estimated by the U-.S. Bureau ofMines using previous years' production levels.The leading domestic producer of ver-miculite concentrate continued to be W.R.Grace & Co. with sales of material from itsLibby, MT, location (from stockpiles) andfrom its operation at Enoree, SC. Otherproducers during the year were VirginiaVermicul i t e Ltd., Louisa County, VA;Carolina Vermiculite Div. of Virginia Ver-miculi te Ltd. mine near W o o d r u f f , SC;Patterson Vermiculite Co., Enoree, SC; andEnoree M i n e r a l s Corp., S p a r t a n b u r gCounty, SC. South Carolina, with four pro-

ducers, was the leading producing Stat e forthe f our th consecutive year. W.R. Graceclosed its Libby, MT, mine in late 1990,although shipments of concentrate were tocontinue through 1992. The company alsoclosed f ive e x f o l ia t ing plants in 1990.Domestic sales of e x f o l ia t ed vermiculiteby 13 producers came from 33 plants in 20States . Of these plants, 20 in 16 S t a t e s wereoperated by W.R. Grace. In descending or-der of output sold and used, the principale x f o l i a t e d vermiculi te-producing S t a t e swere estimated to be Ohio, South Carolina,California, New Jersey, I l l i n o i s , Florida, andTexas.The average value of vermiculite con-centrate sold and used by U.S. producerswas $83 per ton, f.o.b. p lant , or a decreasefrom that of 1989. The average value ofe x f o l i a t e d vermiculite, f.o.b. plant , was ap-proximately $251 per ton, although someof the data used to arrive at this f i gur e wereestimated.Imports of vermiculite concentrate wereapproximately 50,000 tons and were, mainlyfrom the Republic of South Africa. U.S.

imports in 1989 were approximately 55,000tons. U.S. exports to Canada were estimatedto be 20,000 tons, about 9% of total U.S.sales of vermiculite concentrate.The data in table 4 are rated annual ca-pacity for vermiculite plants as of Decem-ber 31, 1990. Rated capacity is de f ined asthe maximum quantity of product that canbe produced on a normally sustainable long-term operating rate, based on the physicalequipment of the plant, and given accept-able routine operating procedures involv-ing labor, energy, m a t e r i a l s , andmaintenance. Capacity includes both oper-ating p lant s and plants temporarily closedthat, in the judgment of the author, can bebrought into production within a short pe-riod of time with minimum capital expen-diture. Plant capacity for vermiculite isbased on engineering capacity provided bythe companies or estimated by consideringrecent peak production during the past 5years to be equal to rated capacity.Vermiculite has been facing competitionf rom other materials, e s p e c i a l ly in theb u i l d i n g products market Another adverse
TABLE 1

S A L I E N T V E R M I C U L I T E S T A T I S T I C S
(Thousand short tons and thousand dollars unless otherwise sp e c i f i ed)

1986 1987 1988 1989* 1990
United States:

Sold and used by producers:______
Concentrate____________

Value
___Average value' dollars per ton

Exfol iated
Value______

___Average value' dollars per ton
Exports to Canada__________
Import s for consumption_______

World: Production3

317
$34,400
$108.52

253
$53,200
$210.28

•25
•35

•685

303
$33,100
$109.24

252
$54,600
$216.67

•20
32

-726

304
$33.900
$111.51

249
$55,100
$22179

•20
•35
710

275
$30,500
$110.91

215
$48,800
$226.98

20
55

695

230
$19,100

$83.04
157

$39,400
$250.96

•20
•50
646

•Eriimtcd. Honed.
^BaVHrd on rounded itati.
'Excludes production by countries to which dm were m tniUble.
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TABLE 2
E X F O L I A T E D V E R M I C U L I T ESOLD AND USED IN THEUNITED STATES, BY END USE

(Short tons)

End use I989> 1990
Aggregates:

Concrete 33.200 29.500
Plaster 1,800 400
Premixes1 64.300 19.500

Total 99.300 49.400
fnsulat ionr

Loose-fin 17.900 14.400
Block 21.100 19.200
Other1 2JOO 3jOOO
Total 41.300 36j600

Agncvrturelr
Horticuminl 15.100 20,101
Soil conditioning 15.200 8.100
Fertil izer carrier 36.700 35.100

Total 67.000 43.300
Other1 7.800 7,400

Grand total 4 215,000 157,000
•M«iaL

factor has been the general level of con-struction activity, which has been at a re-duced level. Possible new growth invermicutite use might occur in such areasas waste disposal and treatment of con-taminated ah* and water. China may emergeas a new source for imports of vemriculite.1

f f M m n . I. R. VemrfoHhe. Mm. Eng. ( L M f e f m . CO), v.
43.No.MW1. pji.6l7.4l8.

T A B L E 3
A C T I V E V E R M I C U L I T E E X F O L I A T I N G P L A N T S I N T H EUNITED STATES IN 1990

Company County S t a t e
A-Tops Corp
Anitox Cotp.
Brook Co.
Enoree Minents Corp.

W. Ft Grace A Co., Construction Products Div.

Koos Inc.
O.M. Scott ft Sons.
Patterson Vermtculi te Co.
TheSchund l e rCo .
Strong-LHe Products Corp.

Do.
VertiteCo.
Vermfcul t e Industrial Corp.
VeYimct i l i t e Products Inc.

*

Beaver Pennsylvania*
Gwinnen Georgia.
St. Louis Missouri.
Spartanburg South Carolina.
J e f f e r s o n Alabama
Mancopa Arizona.
Alameda Cali fornia.
Orange Do.
Denver Colorado. <•*•!
Broward Florida.
Duval Do.
Hill sborough Do.
Du Page Illinois.
Campbell Kentucky.
Prince Georges Maryland.
Hampshire Massachusetts.
Wayne Michigan.
St. Louis Missouri.
Mercer New Jersey.
Multnoman Oregon.
Lawrence Pennsylvania.
Greenvil le 1 South Carolina.
Dallas Texas.
KenMha Wisconsin.
Union Ohio.

j ' Laurens South Carolina.
Middl e s e x New Jersey.
J e f f e r s o n Arkansas.
De Kalb Illinoi s ,
Hillsborough Florida.
Allegheny Pennsylvania.
Harris Texas.

t '

T A B L E 4WORLD V E R M I C U L I T E ,PRODUCTION CAPA<DECEMBER 31,19
(Thousand short tons)

Country
North America?

Mexico
United State s

Total
South America?

Argentina
Brazil

Total
Europe*

U.S.S.R.
Africa:

Egypt
Kenya
South Africa. Republic of

Total
Asia:

India
Japan

Total
World total 1

' h i c M n o p M f c y M oftmtn* ptaMi m «HI • M
fPo^ikko^M (MiixMifaK Aw iiiiiir|i A*n VMM nM •vnbW
TJ«. «o M MM to Ml *o«i kM*nw of Mqmd



r
TABLE 4WORLD V E R M I C U L I T E A N N U A LP R O D U C T I O N C A P A C I T Y ,DECEMBER 31, 1990

(Thousand short ions)

Country Rated capacity 1 2

North America:
Mexico 1
United State s 355

Total 356
South Afncnoc

Argentina 25
Brazil 21

Total 46
Europe:

VSJS&. 107
Africa:

Egypt 1
Kenya „ 5
South Africa, Republic of 260

Total 266
Asia:

India 8
J a p a n 20

Total 28
World total' 300

tteviaed.
'vigKtades capacity at opentinf plants m weO a* • plants onVandby

kash.
fe tcbdei countries far whicti feu wen an available.
I3»ta do not add to total abown because of independent rondraf.

T A B L E S
VERMICULITE: WORLD P R O D U C T I O N , BY COUNTRY 1

(Short ions)

Country1 1986 1987 1988 1989-
Argentina 5,740 20416 21.275 "21.000
Brazil 15.598 18.546 20,777 20344
Egypt 546 -550 260 ' 3 0 0
India -5,438 -2,689 4.467 3,047
Japan* 17,000 17/100 17/100 17.000
Kenya 2,804 4.285 4/186 2,685
Mexico 243 177 240 331
South Africa. Republic of 213.470 252,278 230,578 247.469
USSR.' 107/100 107,000 107,000 ' 1 0 6 5 2 4
United Sta t e s (sold and used by producers) 317,000 303.000 304.000 275.000

Total -684.839 -726.041 709.683 694.700

\990f
20,000
2 1 / X X )

300
4.400

17/100
M55

•242451
107,000

' 2 3 0 , 0 0 0
645533

'Eicludcs production by countries fa which data are MX available and for which feneral Monmtion is inadequate far fbrmulatkn of reliable
eatimaies. Table includes data available through My 19. 1991.
In addilion to me countries listed. Tanzania may produce vermicuiiie, but available information a inadequate to snake reliable estimates of
output levels, if any.
Iteponed f i jore .
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r T A B L E S
A C T I V E V E R M I C U L I T E E X F O L I A T I N G

P L A N T S I N T H E U N I T E D S T A T E S I N 1994
Company

A - T o p s Corp.Brouk Co.
W. R. Grace & Co., Construction Products Div.

Do.

County
Beaver
St. Louis
J e f f e r s o n
Maricopa

Stat e
Pennsylvania.
Missouri.
Alabama.
Arizona.

-Do, —— - Grange— Do.
Do.
Do.
Do.
Do.
Do. <3r>ee«vi(l^-Keoslnc.

Palmetto Vermicu l i t e Co., Inc. StoVhwt u «
feacracin V u n i k u l i l e Cu. — -
P.V.P. Industr ie s
The S c h u n d l e r Co. ^ •
O.M. Scott & Sons. f f&nft f i iJ* S w w t / k S f c .
Southwest Vermicul i t e Co., Inc.
Strong-Lite Products Corp.
Strong Products Corporation -
Thermic Refractories, Inc.
Thcrmc-O-Rock, Inc.

Do.
V e r l i t e Co.
Vermicul i t e I n d u s t r i a l Corp.
Vermicul i t e Products, Inc.

Broward
--DuPage—

~GempbeH —
- M t f l t B o T n a f i T

f Laurens
r^-Kenesha

•5 . Laurens
do.

Trumbull
M i d d l e s e x
Union >
Bemali l lo
J e f f e r s o nC f c s a l l e
Macoupin
Maricopa
Washington
H i l l s b o r o u g h
A l l e g h e n y
Harris

Flor ida .
I l l i n o i s .
Kentucky.
Oregon.South Carolina.
Wisconsin.
South Carolina.

Do.
Ohio.
New Jersey.
Ohio.
New Mexico.
Arkansas.
I l l i n o i s .

Do.
Arizona.
Pennsylvania.
F l o r i d a .Pennsylvania.
Texas.

T A B L E 4
WORLD V E R M I C U L I T E A N N U A L

PRODUCTION C A P A C I T Y
DECEMBER 31,1994
(Thousand metric tons)

Country Rated capacity I/ 21
North America:

Mexico
United State s 190

Total 190
South America: e/

Argentina
Brazil

4
23

Total 27
Europe:

Russia e/ 95
A f r i c a :EgyptKenya

South Afr i ca , Republ i c of
1
3

223
Total 227

Asia:
I n d i a
Japan e/ 2

15
Total 17
World total 4/ 560

e / E s t i m a t e d .
I / I n c l u d e s capacity at operating plants as well as at p lant s on standby basis.

II Excludes countries for which data were not available.
3/ Less than 1/2 unit.
4/ Rounded.



V E R M I C U L I T E
By Michael J. Potter

Domestic survey data and tables were prepared by N i c h o l a s Muniz, statistical as s i s tant, and the world produc t i on table was
prepared by Glenn J. Wallace , international data coordinator.

F l a k e s of raw vermiculite concentrate are micaceous inappearance and contain interlayer water in their structure.When the f l a k e s are heated rapidly at a temperature above 870*C, the water f l a s h e s into steam, and the f l a k e s expand intoaccordionlike particles. This process is called ex fo l ia t i on, orexpansion, and the resulting l ightweight material is chemically
inert, f ire resistant, and odorless. In l ightweight plas ter and
concrete, vermiculite provides good thermal insulatioaVermiculite can absorb such liquids as f er t i l izer s , betbicides,
and insecticides, which can then be transported as f r e e- f l owingsolids (Harben and Kuzvart, 1996).
Production

Since 1995, data regarding the total amount of U.S.
vermiculite sold and used as concentrate have been proprietaryand have been withheld. In 1998, domestic producers ofvermiculite concentrate were W.R. Grace & Co., from itsoperation at Enoree, SC, and Virginia Vermiculite Ltd., withoperations near W o o d r u f f , SC, and in Louisa County, VA.Output of ex fo l iated vermiculite sold or used in 1998 was an
estimated 170,000 metric tons (t) (table 1). Domesticproduction of e x f o l i a t ed vermiculite sold or used was by 13companies operating 20 plants in 11 Sta t e s (table 2). Of these
plants, four in four Sta t e s were believed to have been operatedby W.R. Grace. The largest producing State s of ex fo l ia t edvermiculite, based on part ly estimated data and in descendingorder of output sold and used, were South Carolina, Ohio,
Arkansas, Arizona, Pennsylvania, New Jersey, and Ill ino i s .Domestic production data for vermiculite were collected by
the U.S. Geological Survey f rom two voluntary surveys—onefor mine/mill operations and the other for e x f o l ia t i on plants.Of three mine/mill operations, data were obtained for one.
Production for the two nonrespondents was estimated on thebasis of previous y e a r s ' p r o d u c t i o n levels and estimates. Of the20 e x f o l i a t i on p lant s , data were obtained from 11 for a response
rate of 55%. By tonnage, the 11 operations represented anestimated 56% of the output Production for the ninenonrespondents was estimated on the basis of previous years'
production levels.Stansbury H o l d i n g s Corp., Warminster, PA, was planning to
enter a joint-venture agreement with Nevada Vermiculite LLC
to mine and mill vermiculite concentrates (North AmericanMineral News, 1999). The joint-venture company would beknown as International Vermiculite Ltd. Stansbury owned alarge vermiculite deposit at Hamil ton, MT. Channel and BasinReclamation Inc., a California-based sand and gravel producer,would contribute capi ta l , equipment, and operational expertise

to the mining and milling operation.W.R. Grace & Co. completed construction on a $1.5 millionMicrolite (vermiculite dispersion) production f a c i l i t y in South
Carolina (Moeller, 1999).
Consumption

Most vermiculite concentrate is ex fo l ia t ed prior to use; enduses are shown in table 3. Because of its heat-resisting
properties , e x f o l i a t e d vermiculite can be used in fr i c t i onmaterials such as brakes and clutches. It may also be used asan insulator to slow the cooling of molten metal or to clean
molten steel by capturing some of the slag in the ingot molds
(Harben and Kuzvart, 1996).New uses for vermiculite included liquid vermiculite
dispersions in, for example, f l e x i b l e f i l m s for packing andgaskets. Other uses included fire-resistant construction boardsand panels and hazardous waste s o l i d i f i ca t i on (Moeller, 1999).
Prices

Published prices are meant to serve as a general guide only.According to Industrial Minerals (1998), yearend prices forU.S. bulk vermiculite concentrate (explant) were about $143 to
$220 per metric ton, depending on particle size. For importedSouth African crude, bulk, vermiculite, (f.o.b. barge, Gul fCoast), prices ranged from $187 to $243 per toa
Foreign T r a d e

Trade data for vermiculite are not collected as a separatecategory by the Bureau of the Census, but are included with anumber of other mineral commodities in a basket category.
According to preliminary data (Vagt, 1998), exports of
vermiculite concentrate from the United State s to Canada wereabout 11,0001. About 1,8001 of U.S. material was exported in
1998 to destinations other than Canada and Mexico, accordingto the Journal of Commerce Port Impor t /Expor t ReportingService. (The Journal of Commerce data do not includematerial imported from or exported to or through Canada andMexico.) Total U.S. imports of vermiculite were about 68,000t, according to the Journal of Commerce. South A f r i c a
suppl i ed more than 60%, and China, about 35% of this total.
World Review

In 1998, world production, excluding the United State s , wasestimated to be 292,0001 (table 4). South Afr i ca continued to
V E R M J C U L I T E — 1 9 9 8 DDDD1



be the largest producer of vermiculite, with an estimated
210,0001 In Australia (not shown in table 4), Australian
Vermicul i t e Industries Pty. Ltd. produced about 10,000 tonsf rom its operation near Alice Spr ing s ; the company beganoperation in 1995. In China (not shown in table 4), vermiculite
was produced in Xingiang Province, with exports to Asia andN o r t h America (Russell, 1998).
Outlook

Some of the commercial appl icat ions of vermiculite overlap
those of expanded perl i t e , such as in horticulture (Lin, 1998).A potential use of vermiculite in the raw (unex f o l i a t ed) formmay be in the production of high-quali fy cement Other
possible fu ture applicat ions for raw vermiculite include use informulat ions of f i r e p r o o f i n g pastes or powders for structures inthe building industry, as an additive in coal-fired electric
powerplant s to treat the exhaust gases, in the initial mixturesfor the production of ceramic materials, and in development off ire-impeding materials in paints, plastics, and wallboard.
These new appl i cat ions may allow the use of f i n e l y granulatedfractions of vermiculite, which are unsuitable for f l a s hexpansion. New appl i ca t ions could lead to increased
production of vermiculite in the future.
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TABLE 1
S A L I E N T V E R M I C U U T E S T A T I S T I C S I /
(Thousand metric tons and thousand dollars)

United States:
Sold *nd used by producers:

Concentrate!/
Exfol iated

Value
Average value 3/

Exports to Canada
Imports for consumption

World: Production 4/

1994

177
130

$43,600
$333

7 e /30 e/
483

1995

171
130

$39,400
$306

6 e /
30 e/

484

1996

W
135

$45300
$334

8 e/ .
48 el

267 r / 5 /

1997

W
155 e/

$49,400 e/
$318 e/

8 e/
6 7 e / r /

293 r / 5 /

1998

W
170 e/$53,300 e/

$313 e/
11 e/
68 tl

292 e / 5 /
e /Es t imat ed , r/Revised. W Withhe ld to avoid di s c lo s ing company proprietary data.
I/ Data are rounded to three significant digits.

II Values are withheld to avoid disclosing company proprietary data.
3/ Based on unrounded data.
4/ Excludes production by countries for which data were not available.
5/ Excludes U.S. data.

T A B L E 2
A C T I V E V E R M I C U U T E E X F O L I A T I O N P L A N T S I N T H E U N I T E D S T A T E S I N 1998

Company
A-Tops Corp.
W.R. Grace & Co., Construction Products Div.

Do.
Do.
Do.

Palmetto Vermiculite Co., Inc.
P.V.P. Industries
The Schundler Co.
The Sco t t s Company

Do.
Do.

Southwest Vermiculite Co., Inc.
Strong-Lite Products Corp.
Strong Products Corp.
Thermic Refractories, Inc.
Thermo-O-Rock, Inc.

Da
VerlheCo.
Vermiculite Industrial Corp.
Vermiculite Products, Inc.

County
Beaver
J e f f e r s o n
Maricopa
Broward
Greenville
Spartanburg
Trumbull
Midd l e s e x
Hempstead
Union
Greenville
Bemalillo
J e f f e r s o n
L a S a l l e
Macoupin
Maricopa
Washington
H f l l s b o r o u g h
Allegheny
H All IS

State
Pennsylvania.
Alabama. 4
Arizona. '
Florida.
South Carolina.

Do.
Ohio.
New Jersey.
Arkansas.
Ohio.
South Carolina.
New Mexico.
Arkansas.
Illinois.

Do.
Arizona.
Pennsylvania.
Florida.
Pennsylvania.
Texas.

4L.
1

Î-
I-
ft3.(ff$4(f(f4-ô
ft\2
(p

\°



T A B L E S
E X F O L I A T E D V E R M 1 C U U T E

SOLD A N D U S E D I N T H E U N I T E D S T A T E S , B Y E N D U S E I /
(Metric tons, unless otherwise sp e c i f i ed)

Aggregates:
Concrete
Plaster
Premixes2/

Total
Insulation:

Loose-fill
Block
Others/

Total
Agricultural:

Horticul tural
Soil conditioning
Ferti l izer carrier

Total
Other4/

Grand total

1997
19,200 e/
2,600 tl
5,960

27.700 e/
W
W

1,400
W

25,100
29.900 tl

W
W

7.660
155,000 e/

1998 e/
20,700

4,770
4,980

30.500
W
W

2,010
W

20,900
43,300

W
W

6.420
170,000

tl Estimated. W W i t h h e l d to avoid disclos ing company proprietary
data; included in "Grand total."
I/ Data rounded to three significant digit s; may not add to totals
shown.
II Include s acoustic insulation, f i r eproo f ing , and texturizing uses.
3/ Include s high-temperature and packing insulation and sealants.
4/ Include s various industrial and other uses not spec i f i ed .

T A B L E 4
VERMICUUTE: WORLD PRODUCTION. BY COUNTRY If 2f

(Metric tons)
Country

Argentina
Brazil
EgyptI n d i a
J a p a n tl
Kenya
Mexico
Russia el
South A f r i c a
United States (sold and used by producers) 4/
Zimbabwe

Total

1994
32

17,233
500 tl

1,903
15.000

1.110 e/
300

40.000
223.478
177.000

8.184
485,000

1995
44

18,806
483 tl

1.696
15.000

457
225

40,000
221.748
171,000

13.742
484,000

1996
40 tl

21,999 r/
447 tl

2,405
15,000

734
350

30,000
186,082

W
10.249

267.000 tl

1997
-tl23,000 r/

500 tl
2,400 tl

15,000
800 tl
295

25,000
211,001 r/

W
14,841 i/

293,000 r/

1998 tl
822 3/

23,000
500

2,200
15,000

500
-3/

25.000
210,000

W
14,804 3/

292,000tl Estimated tl Revised. W Withhe ld to avoid disclos ing company proprietary data; not included in Total."
I/ World totals, US. data, and estimated data are rounded to three significant digi t s; may not add to totals shown.
2/ Excludes production by countries for which data are not available and for which general information is madequate for formulation of reliable
estimates. T a b l e includes data available through J u r y 22,1999.
3/ Reported figure.
4/Concentrate.


